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ABSTRACT 

/ o  sr0 
This report describes proposed communication satellite systems and 

the advantages and disadvantages nf each. Communication requirements are 

discussed and the system that best satisfies each requirement is indicated. 

The most important conclusion is that while a random orbit system would 

satisfy the present requirement for transatlantic circuits, it would be 

incapable of satisfying many other communication needs. A stationary 

system would not only satisfy present and future needs on these high- 

density routes, but would satisfy many other anticipated communication 

requirements as well. It is shown that the two systems could be operational 

at about the same time, and that relatively inexpensive ground terminals 

for the stationary system make it more desirable economically as the 

number of terminals served increases. 
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I INTRODUCTION 

The study program summarized in this report was undertaken to 

determine what influence common-carrier use of satellite relays might 

have on the design of an over-all system. To undertake such a program 

it was iiecessary to estimate the neecis, requirements, and useb of a 

common-carrier satellite relay system. The plans that have been formu- 

lated for such systems by common carriers were reviewed in detail to 

estimate their capability to provide the diverse services required by 

the world population, In addition, the views and interests of 

governmental bodies, the electronics industry, universities, and 

scientific groups have been examined. 

While there is widespread agreement that a satellite relay system 

would be of great benefit to the U.S. and other nations, there is not 

yet a consensus on the parameters of such a system. The Federal 

Communications Commission has called a series of hearings (Docket 

No. 13522) to obtain needed information to enable rulings to be made 

fo r  the best utilization of this promising means of communication. An 

international conference in New Delhi will be held in 1963 to study the 

problems of frequency allocation for all forms of space communication. 

The International Scientific Radio Union (URSI) meeting in Paris in 

September 1961 discussed the scientific problems of satellite relays 

fo r  communication. These activities in conjunction with other efforts 

of industry and of government groups should help to better define the 

nature of a satellite radio relay system acceptable for common-carrier 

purposes. 

The international aspects of a satellite relay system pose new 

difficulties. Such problems as frequency allocation on a world-wide 

basis, management of the over-all system, establishment of additional 

terminals at later dates, and technical specifications of signals must 

be investigated. While none of these problems is unsolvable, they do 

require agreement between many parties with diverse needs and interests. 
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Although t h e  body of t h i s  r e p o r t  d e a l s  wi th  t h e  t e c h n i c a l  problems 

of commercial s a t e l l i t e  s y s t e m s ,  i t  w i l l  become apparent  t h a t  many of 

the important d e c i s i o n s  tha t  must be made by those  r e spons ib l e  f o r  such 

s y s t e m s  w i l l  be based p r imar i ly  on economic and o p e r a t i o n a l  c o n s i d e r a t i o n s  

r a t h e r  than on t e c h n i c a l  grounds. Such d e c i s i o n s  as synchronous ve r sus  

random o r b i t  systems, l o c a t i o n  and number of ground s t a t i o n s ,  t h e  kind 

and number of communication channels ,  and t h e  method of i n t e g r a t i n g  

t h e s e  f a c i l i t i e s  i n t o  e x i s t i n g  n a t i o n a l  networks h inge  almost e n t i r e l y  

on t h e  requirements f o r  services of va r ious  k inds  determined by t h e  

commercial o rgan iza t ions  that w i l l  supply t h e s e  s e r v i c e s  and on a com- 

pa r i son  of c o s t s .  H i s t o r i c a l l y ,  t h e  p l ans  of such p r i v a t e  o rgan iza t ions  

have been modified t o  some e x t e n t  by and are under t h e  c o n t r o l  o r  super- 

v i s i o n  of t h e  departments and agencies of t h e  government concerned wi th  

safeguarding t h e  n a t i o n a l  i n t e r e s t  and the  i n t e r e s t ,  convenience and 

necess i ty  of t h e  p u b l i c .  While t h i s  r e p o r t  d e s c r i b e s  and weighs t h e  

c a p a b i l i t i e s  of the  va r ious  sys t ems  t h a t  have been proposed, p o i n t i n g  

o u t  which of t h e  s y s t e m s  is most s u i t e d  to  supply ing  a s p e c i f i c  t ype  of 

s e r v i c e ,  i t  is t h e  needs of va r ious  u s e r s  t h a t  d i c t a t e  what kind of 

service should be supp l i ed .  For example, i t  i s  t e c h n i c a l l y  f e a s i b l e  t o  

p l a c e  i n  o r b i t  a s a t e l l i t e  capable of supply ing  l a r g e  reg ions  of t h e  

world wi th  d i r e c t ,  convent iona l ,  FM broadcas t .  However, whether such 

service should be suppl ied  is a ques t ion  t o  be decided on economic 

grounds before i t  i s  implemented. 

1 

Much of  the  data s u b s t a n t i a t i n g  the  conclus ions  contained i n  t h i s  

r e p o r t  appears i n  Research Memorandums publ i shed  du r ing  the  per iod  of 

t h i s  c o n t r a c t .  1-6* 

* References are g iven  a t  t h e  end of t he  r e p o r t .  

2 



I1 TYPES OF SATELLITE RELAYS 

A .  General 

The s a l i e n t  f e a t u r e s  of severa l  p roposa ls  f o r  s a t e l l i t e  systems are 

descr ibed  i n  t h i s  chap te r .  Exact parameters are d i f f i c u l t  t o  s p e c i f y  

s i n c e  t h e  advocates of each have made changes i n  t h e i r  p roposa ls  from 

t i m e  t o  t i m e .  The d e s c r i p t i o n s  tha t  fo l low should be cons idered  t y p i c a l  

of each type  of sa te l l i t e  system and i t  should be recognized t h a t  v a r i -  

a t i o n s  i n  t he  parameters are poss ib le .  The advantages and d isadvantages  

of each system fo l low each d e s c r i p t i o n .  

I t  i s  w e l l  t o  keep two p o i n t s  i n  mind when cons ide r ing  t h e  advantages 

and d isadvantages  of the  d i f f e r e n t  systems: F i r s t ,  c a r e f u l  d i s t i n c t i o n  

should be made between a disadvantage or shortcoming of a s y s t e m  t h a t  

might prevent  t h e  s y s t e m  from performing or opera t ing  i n  t h e  manner in- 

tended and a disadvantage t h a t  i s  only r e l a t i v e  i n  n a t u r e ,  which must 

be weighed i n  c o s t  and complexity aga ins t  t h e  f e a t u r e s ,  advantages,  or 

s i m p l i f i c a t i o n s  t h a t  i t  permi ts  elsewhere i n  t h e  system. For example, 

t h e  n e c e s s i t y  f o r  s t a t ion -keep ing  equipment i n  synchronous satel l i tes  

i n c r e a s e s  the i r  complexity,  reduces t he i r  r e l i a b i l i t y ,  and i n c r e a s e s  

launch weight t hus  r e q u i r i n g  l a r g e r  and more complicated launch v e h i c l e s .  

On t h e  o t h e r  hand, by i t s  use  ground-station antenna c o s t s  are markedly 

reduced and t h e  requirements f o r  acqui r ing  and t r a c k i n g  sa te l l i t es  are 

l e s sened  a 

s a t e l l i t e  w i l l  appear on the  horizon--is reduced. Fewer sa te l l i t es  are 

r equ i r ed  f o r  the  same degree of coverage. A l l  of these f a c t o r s  must be 

weighed a g a i n s t  a l l  of t h e  a t t r i b u t e s - - c o s t ,  r e l i a b i l i t y ,  frequency u s e ,  

etc.--of competing s y s t e m s .  Only by a complete a n a l y s i s  can i t  be 

determined whether  t h e  s ta t ion-keeping  requirement p l aces  a system a t  

a compet i t ive  or t e c h n i c a l  disadvantage w i t h  any o t h e r  s y s t e m .  

The "bookkeeping" problem-- tha t  of knowing where t h e  next  

An example of a fundamental l i m i t a t i o n  t h a t  might be an a b s o l u t e  

bar t o  the  o p e r a t i o n  of a s p e c i f i c  type of system is  the  echo suppress ion  

problem. ( I t  i s  no t  being s t a t e d  here tha t  echo suppress ion  - is such a 

3 



b a r .  I t  i s  c i t e d  only a s  an example of what might be one .  Whether it 

i s  must be s e t t l e d  before  a s t a t i o n a r y  s y s t e m  i s  under taken) .  

suppressed echo1,2 ,6  would reduce t h e  q u a l i t y  of te lephone c i r c u i t s  

below the s tandards  set by both t h e  American Telephone and Telegraph 

Company (AT&T) and the  I n t e r n a t i o n a l  Telegraph and Telephone Consul ta t ive  

Committee (CCITT). However, s eve ra l  s o l u t i o n s  have been proposed and 

have been put  to  l abora to ry  test and t o  s u b j e c t i v e  eva lua t ion .  Where 

so lu t ions  to problems have been proposed, and where the de termina t ion  

of the i r  e f f i c a c y  is  a r e l a t i v e l y  s t r a igh t fo rward  matter, such develop- 

ment and t e s t i n g  should c e r t a i n l y  be undertaken and r e s u l t s  be submitted 

t o  those agencies  respons ib le  f o r  choosing one sys tem i n  preference  t o  

another  . 

An un- 

I t  appears t h a t  f e w  ob jec t ions  might be abso lu te  ba r s  and t h a t  

almost a l l  are r e l a t i v e .  I n  p re sen t ing  advantages and disadvantages 

of each system w e  have attempted to  ca t egor i ze  t h e  o b j e c t i o n s ,  i d e n t i f y i n g  

them a s  r e l a t i v e  or poss ib ly  abso lu te .  

The second poin t  t o  be borne i n  mind is  tha t  there e x i s t s  a 

continuum of a l t i t u d e s  f o r  s a t e l l i t e  o r b i t s .  I n  a l ow-a l t i t ude  random- 

o r b i t  system, l a r g e  numbers of r e l a t i v e l y  simple satel l i tes  a r e  requi red  

f o r  continuous g loba l  coverage. I n  a s t a t i o n a r y  system the  design of the 

s a t e l l i t e  becomes more complicated,  but fewer a r e  reqpi red  f o r  t he  same 

number of g loba l  c i r c u i t s .  S a t e l l i t e  systems a t  in te rmedia te  a l t i t u d e s  

may e f f e c t  compromises, having some of the  advantages and the  disadvantages 

of each extreme. 

I f  var ious systems a r e  f e a s i b l e  ( i . e . ,  can reasonably be expected t o  

have no a b s o l u t e l y  d i s a b l i n g  fea ture) ,  t he  ques t ion  of which system should 

be implemented must obviously be decided on some o t h e r  basis. 

f o r  s e l e c t i n g  one of t he  several competing s y s t e m s  might then inc lude  

one o r  more of t h e  fol lowing:  

the  band or bands of f requencies  necessary t o  provide the proposed 

s e r v i c e ;  ( 2 )  t he  bandwidth r equ i r ed ;  (3) t h e  i n t e r f e r e n c e  expected t o  be 

N e d  and su f fe red  by the --.-..* system; _- _.- -I-- ( 4 )  the problems connected with ob ta in ing  

i n t e r n a t i o n a l  approval of t he  requested f requencies ;  and (5) t h e  c o s t .  

C r i t e r i a  

(1) the  l o c a t i o n  i n  the  r a d i o  spectrum of 

-A -__ _ _  - -- - -- - .- 
-/- 
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Since  i t  appears t h a t  t h e  p a r t i c u l a r  l o c a t i o n  w i t h i n  t h e  upper U H F  and 

SHF spectrum i s  not  markedly dependent on t h e  type  of s y s t e m  t o  be used ,  

perhaps the  only  v a l i d  c r i t e r i a  f o r  s e l e c t i n g  one s y s t e m  over  t h e  o t h e r s  

may w e l l  be the  l a s t  f o u r  mentioned above. 

The commercial s a t e l l i t e  systems desc r ibed  i n  d e t a i l  i n  t h i s  s tudy  

a r e  a l l  ac t ive  s y s t e m s .  Although pass ive  s y s t e m s ,  such as meta l ized  

ba l loon  r e f l e c t o r s  and 0 - rb i t i ng  a ipo le s  have been proposed, i t  i s  f e l t  

t h a t  f o r  commercial use  pas s ive  systems are a t  such severe d isadvantage  

wi th  r e s p e c t  t o  the requi red  power of the ground t r a n s m i t t e r ,  t he  re- 

qui red  t r a n s m i t t i n g  and r ece iv ing  antenna a p e r t u r e s ,  and t h e  r equ i r ed  

low r e c e i v e r  no i se  f i g u r e  t h a t  t h e y  cannot compete w i t h  a c t i v e  s y s t e m s .  

Moreover, t h e  higher-power ground t r a n s m i t t e r s  would probably cause  

g r e a t e r  i n t e r f e r e n c e  t o  o t h e r  s e r v i c e s ,  and t h e  low l e v e l  of t h e  rece ived  

s i g n a l  might make the  s a t e l l i t e  system s u b j e c t  t o  i n t e r f e r e n c e  from o t h e r  

s e r v i c e s  as w e l l .  T h i s  op in ion  i s  held i n  s p i t e  of t h e  a t t r a c t i v e  b a s i c  

f e a t u r e s  t ha t  no e l e c t r o n i c s  are required i n  o r b i t  and tha t  t h e  r e f l e c t i n g  

o b j e c t  can be used by many ground te rmina ls .  For completeness,  the  

c h a r a c t e r i s t i c s  of both pas s ive  and a c t i v e  sa te l l i t es  are summarized. 

B .  Pas s ive  S a t e l l i t e  Systems 

1. Desc r ip t ion  

Pass ive  sa te l l i t es  t y p i c a l l y  a r e  metalized ba l loons  ( sphe res )  or 

more d i r e c t i v e  i n f l a t e d  r e f l e c t o r s  t h a t  r e f l e c t  r a d i o  s i g n a l s  from a 

t r a n s m i t t e r  a t  one p o i n t  on t h e  e a r t h ' s  s u r f a c e  t o  a second p o i n t  beyond 

t h e  l i n e  of s i g h t  of the t r a n s m i t t e r .  

2 .  Advantages Offered by U s e  of a Pass ive  S a t e l l i t e  System 

(1) Pass ive  s a t e l l i t e s  o f f e r  s i m p l i c i t y  and r e l i a b i l i t y  
because they have no active components. 

(2) There i s  no requirement f o r  s a t e l l i t e  s t a b i l i z a t i o n ,  
u n l e s s  a d i r e c t i v e  r e f l e c t o r  i s  used .  

(3) They are broad-bandwidth dev ices ,  s i n c e  they are l i n e a r ,  
and can be used a t  many f requencies  and power levels 
without c ross -  t a l k .  
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(4 )  

(5) 

New channels  can be added by adding te rmina l  
f a c i l i t i e s  and new l i n k s  can be e s t a b l i s h e d  e a s i l y .  

Changes can be made t o  conform wi th  s t a t e - o f - t h e - a r t  
advances even though s a t e l l i t e s  a r e  i n  o r b i t  ( e . g . ,  
i nc rease  i n  power, change i n  f requency,  and use of 
d i f f e r e n t  modulation methods). 

a source of r ad io  i n t e r f e r e n c e .  
suggested t h a t  a beacon be c a r r i e d  t o  a i d  i n  
a c q u i s i t i o n  and t r ack ing ;  t hese  beacons could become 
a source of i n t e r f e r e n c e  , ) 

Payload weight requirements are modest. 

F e a s i b i l i t y  has been demonstrated ( e .g . ,  P r o j e c t  Echo).* 

(6)  I f  a sa te l l i t e  becomes o b s o l e t e ,  i t  w i l l  not  become 
( I t  has been 

( 7 )  

( 8 )  

3 .  Limi ta t ions  of a Pass ive  S a t e l l i t e  Svstem 

(1) A bal loon diameter  l a r g e  compared to  a wavelength w i l l  
s c a t t e r  an inc iden t  plane wave i n  a l l  d i r e c t i o n s  w i t h  
uniform d e n s i t y  and hence is  an i n e f f i c i e n t  r a d i a t o r .  

S igna l - to-noise  problems l i m i t  t h e  a l t i t u d e s  a t  which 
pass ive  r e f l e c t o r s  can be placed i n  o r b i t ;  thus  t h e  
maximum ranges a t  which these  devices  can be used are 
r e s t r i c t e d .  

A pass ive  system r e q u i r e s  t h e  use:of lrarge ground antennas 
and t r a n s m i t t e r  powers, t y p i c a l l y  ranging from 10 kw t o  
10 Mw. These high-powered t r a n s m i t t e r s  might be a source 
of i n t e r f e r e n c e  t o  o t h e r  services, because of antenna 
and s ide- lobe  r a d i a t i o n  and r a d i a t i o n  of harmonic power. 

(2) 

(3) 

C .  Active S a t e l l i t e  Systems 

1. Descr ip t ion  

Active satel l i tes  r ece ive  ground t r ansmi t t ed  s i g n a l s ,  amplify them, 

and r e t r a n s m i t  t he  message t o  a rece iv ing  s i t e  on the earth 's  s u r f a c e .  

Retransmission may be ins tan taneous  ("real t i m e  repeaters") o r  delayed.  

In  t h e  l a t t e r  system, a s i g n a l  received by a s a t e l l i t e  pass ing  over  t h e  

t r ansmi t t i ng  p o i n t ,  i s  s t o r e d  u n t i l  t he  r ece iv ing  s i te  i s  wi th in  t h e  

range of  t h e  s a t e l l i t e ,  and then t r ansmi t t ed  ( e . g . ,  SCORG and COURIER).  

* I t  has been pointed ou t  t h a t  non-rigid ba l loons  of t h e  Echo I type 
have l imi ted  l i f e  s i n c e  they  lose t h e i r  s p h e r i c a l  shape fol lowing 
l o s s  of gas due t o  punctures  by meteorites. 
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The sa te l l i t e  conta ins  an antenna, t r a n s m i t t e r ]  r e c e i v e r ,  and power 

supply;  equipment a t  t he  ground s i t e  inc ludes  an antenna,  receiver, and 

power supply.  S a t e l l i t e  s t a b i l i z a t i o n  i s  requi red  f o r  a l l  systems using 

d i r e c t i v e  s a t e l l i t e  antennas.  

2 .  Advantages Offered by U s e  of an Act ive S a t e l l i t e  System 

(1) The primary advantage provided by t h e  use of a c t i v e  
s a t e l l i t e s  i s  t h a t  smaller  ground antennas and t r ans -  
mitter powers a r e  requi red .  R e l a t i v e l y  l o w  powers a r e  
used ( e . g . ,  1 kw or less) reducing i n t e r f e r e n c e  t o  
o t h e r  s e r v i c e s  from antenna side lobes  ana harmonic 
r a d i a t i o n .  

They o f f e r  the  c a p a b i l i t y  of providing adequate 
s igna l - to-noise  r a t i o s  f o r  h i g h - a l t i t u d e  o r b i t s  
( a t  the  c o s t  of l a r g e r ,  heavier  equipment and g r e a t e r  
power supply demands). 

(2) 

3. Limi ta t ions  of an Active S a t e l l i t e  System 

(1) 

(2) 

Sta t e -o f - the -a r t  changes i n  sys tem c h a r a c t e r i s t i c s  cannot 
be made once a veh ic l e  i s  i n  o r b i t .  

Equipment i s  more complex and t h e r e f o r e  inhe ren t ly  less 
r e l i a b l e  than f o r  pass ive  systems, r equ i r ing  g r e a t e r  
design and development e f f o r t  t o  achieve reasonable  
l i f e t i m e s  f o r  t he  s a t e l l i t e s .  

(3) There are power-supply l i m i t a t i o n s  i n  t h e  s a t e l l i t e s  and, 
t h e r e f o r e ]  l i m i t a t i o n s  on t r a n s m i t t e r  power. ( T h i s  
s i t u a t i o n  w i l l  improve as  l a r g e r  payloads become p o s s i b l e  
and devices  such a s  nuclear power sources  become a v a i l a b l e . )  

A s a t e l l i t e  must have i t s  t ransmission terminated or be 
destroyed i f  i t  becomes obsole te  and i s  no t  t o  be a source 
of i n t e r f e r e n c e .  

A sa te l l i t e  w i l l  r a d i a t e  unwanted s i g n a l s  i f  i t s  t r a n s m i t t e r  
and t h e  r ece ive r  a r e  suscep t ib l e  t o  spur ious  responses and 
intermodulat ion.  

S a t e l l i t e s  might be suscep t ib l e  to  i n t e r f e r e n c e  from 
high-power ground emitters such a s  r ada r s .  

S ince  the  ga in  of s a t e l l i t e  antennas would be g r e a t e r  
than un i ty  i n  p re fe r r ed  d i r e c t i o n s ]  s t a b i l i z a t i o n  would 
be requi red  i n  order  to  minimize f l u c t u a t i o n  of s i g n a l s .  

(4) 

(5) 

( 6 )  

( 7 )  
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D .  Descr ipt ion and Discussion of Proposed Systems 

I n  previous ana lyses ,  a c t i v e  s a t e l l i t e  systems have been grouped i n  

t h e  ca tegor ies :  l ow-a l t i t ude ,  medium a l t i t u d e ,  and s t a t i o n a r y  o r b i t .  I n  

r ecen t  months the  proposed a l t i t u d e  f o r  what had been c a l l e d  the  low- 

a l t i t u d e  s y s t e m  has been r a i s e d  to  g r e a t e r  than t h a t  of t h e  so-ca l led  

medium-altitude sys tem,  The former terminology is ,  t h e r e f o r e ,  ambiguous 

and t h e  systems a r e  grouped here  i n  the  ca t egor i e s  of random o r b i t  and 

synchronous o r b i t ,  wi th  the  s t a t i o n a r y  s a t e l l i t e  sys tem being considered 

a spec ia l  ca se  of synchronous. 

1. Random O r b i t  Systems 

The best  known proposal  f o r  a random po la r  o r b i t  commercial system 

i s  t h a t  of AT&". Having previous ly  advocated t h e  p lac ing  of many 

s a t e l l i t e s  i n  o r b i t  approximately 2200 m i l e s  i n  a l t i t u d e ,  AT&T has i n  

more recent .proposa ls  raised the  a l t i t u d e  t o  7,000 m i l e s .  I n  t h i s  s y s t e m ,  

many s a t e l l i t e s  would be requi red  t o  i n s u r e  continuous s e r v i c e ,  s i n c e  the  

t i m e  f o r  appearance of the  next s a t e l l i t e  would be random. S a t e l l i t e  

t r ansmi t t e r  powers would be of the  o rde r  of s e v e r a l  w a t t s ,  suppl ied  by 

s o l a r  c e l l s  i n  conjunct ion with s t o r a g e  b a t t e r i e s .  Antennas would havk 

a d i p o l e  p a t t e r n  with t h e  maximum always pointed toward the  e a r t h  by use 

of sa te l l i te  s p i n  s t a b i l i z a t i o n  imparted a t  s epa ra t ion .  Ground s t a t i o n s  

would be equipped w i t h  two sets of t r ack ing  an tennas ,  one working with 

a s a t e l l i t e  and the  o t h e r  d i r e c t e d  t o  t h e  spo t  on t h e  horizon where the  

next s a t e l l i t e  t o  be used would appear .  Antennas would be on t h e  o rde r  

of 60-foot pa rabo l i c  d i s h e s ,  or 50- by 50-fOOt horns ,  and t r a n s m i t t e r  

powers on the order  of 1 kw. Maser r e c e i v e r s  on t h e  ground would have 

no i se  temperatures on t h e  o rde r  of t ens  of degrees  and no i se  tempera tures .  

would be seve ra l  thousand degrees  f o r  t h e  s a t e l l i t e  r e c e i v e r .  Many p a i r s  

of ground s t a t i o n s  could use the  same satel l i tes  s e q u e n t i a l l y  but  co- 

o rd ina t ion  would be requi red  t o  i n s u r e  t h a t  both s t a t i o n s  s e l e c t e d  the  

same s a t e l l i t e  f o r  a given l i n k ,  and t h a t  more than one p a i r  of s t a t i o n s  

d i d  no t  s e l e c t  the  same s a t e l l i t e  a t  t h e  same t i m e .  This sys t em would 

supply 600 fu l l -dup lex  telephone channels  pe r  l i n k  us ing  SSB on t h e  up pa th  

and wide dev ia t ion  FM ( w i t h  frequency feedback)  on the down pa th .  
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I 

A t  p r e s e n t  t h e r e  are several experimental programs designed t o  p l a c e  

i n  o r b i t  sa te l l i tes  usable  i n  such a s y s t e m .  AT&T p lans  t o  launch a 

sa te l l i t e  from Cape Canaveral i n t o  a 3000-mile o r b i t  about 17 Apr i l  1962. 

Th i s  sa te l l i t e  i s  being developed by t h e  company a t  i t s  expense,  and 

launching  c o s t s  of $6,000,000 w i l l  a l s o  be borne by AT&T. 

June, Radio Corporation of America (RCA) w i l l  launch the  NASA sponsored 

I n  October AT&T w i l l  launch 

Sometime i n  

Relay" i n t o  approximately t h e  same o r b i t .  I 1  

i ts  second s a t e l l i t e ,  and i n  December Relay I1 w i l l  be launched. A l l  

four s a t e l l i t e s  are planned f o r  e l i p t i c a l  o r b i t s  i n c l i n e d  45 degrees  t o  

t h e  equa to r .  

a .  Advantages Offered by Use of a Random O r b i t  System 

(1) The satel l i tes  required f o r  t h i s  system are r e l a t i v e l y  
simple and, t h e r e f o r e ,  comparatively long- l ived .  
Because of s p i n  s t a b i l i z a t i o n ,  imparted by t h e  
launching v e h i c l e ,  no s t a b i l i z i n g  mechanism w i t h i n  
the s a t e l l i t e  i s  necessary.  

Transmitted power would be less than  f o r  a 
s t a t i o n a r y  s y s t e m ,  making f o r  i n h e r e n t l y  longe r  
l i f e  of e l e c t r o n i c  components. 

The r e l a t i v e l y  low o r b i t  means t h a t  smaller 
launch v e h i c l e s  could be  used o r  t h a t  s e v e r a l  
s a t e l l i t e s  could be launched w i t h  a s i n g l e  v e h i c l e .  

( 4 )  Since  o r b i t s  are random, t h e  requirements f o r  
a c c u r a t e  t iming of launch and f o r  p r e c i s e  
a l t i t u d e  and ang le  of i n c l i n a t i o n  are reduced. 

S ince  sa te l l i t e  coverage would inc lude  most of 
t h e  g lobe ,  the  same s a t e l l i t e s  could be used, 
when v i s i b l e ,  by te rmina ls  around the  world,  
inc luding  those  i n  polar  reg ions  n o t  covered by 
a s t a t i o n a r y  s a t e l l i t e  system. 

( 6 )  Modest ground transmitter power requirements reduce 
t h e  p o s s i b i l i t y  of i n t e r f e r e n c e  t o  e x i s t i n g  and 
planned terrestrial  s e r v i c e s .  

De lay  t i m e  i s  wi th in  CCITT s t anda rds .  

A l l  s a t e l l i t e s  could u s e  the same block of 
f requencies  simultaneously.  

( 2 )  

(3)  

(5) 

( 7 )  

( 8 )  
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b. Disadvantages of U s e  of a Random Orbi t  System 

A l a r g e  number of s a t e l l i t e s  (30 t o  50) would be 
requi red  f o r  near  p e r f e c t  a v a i l a b i l i t y .  (Rela t ive .*)  

Wide v a r i a b i l i t y  i n  o r b i t  of s a t e l l i t e s  would 
n e c e s s i t a t e  complicated bookkeeping, a c q u i s i t i o n ,  
and t r ack ing  of s a t e l l i t e s .  Antennas must be f u l l y  
s t e e r a b l e  and accu ra t e ly  c o n t r o l l e d .  (Re la t ive .  ) 

S a t e l l i t e  antenna systems must cover almost t h e  
e n t i r e  hemisphere n e a r e s t  t o  t h e  e a r t h ,  s i n c e  
s i g n a l s  from ground te rmina ls  may a r r ive  a t  a l l  
angles  wi th in  t h i s  hemisphere. This means non- 
d i r e c t i v e  antennas and, consequent ly ,  h igher  
sa te l l i t e  t ransmi t ted  power t o  achieve t h e  same 
s i g n a l  power a t  a l l  ground r ece iv ing  s t a t i o n s .  
( R e l a t i v e . )  

A “hand-over” problem would e x i s t  with t h e  t r ans -  
mission of high-information-rate  d a t a .  The pa th  
l eng th  t o  t h e  s a t e l l i t e  j u s t  l eav ing  the  view of 
the  ground s t a t i o n  might d i f f e r  from tha t  t o  t h e  
sa te l l i t e  t o  be used nex t .  Hence one or more 
pulses  might be l o s t  o r  d i s t o r t e d .  A s o l u t i o n  
would be t o  keep pulses  longer  than a c e r t a i n  
amount, or t o  switch from one s a t e l l i t e  t o  t h e  
next a t  a t i m e  when path l eng ths  d i f f e r e d  by no 
more than a s p e c i f i e d  amount. I n  t h e  f i r s t  
s o l u t i o n ,  a l i m i t  i s  placed on the  s i g n a l i n g  r a t e ;  
i n  t h e  second, usable  po r t ions  of sa te l l i t e  o r b i t s  
would be unused, thus  r e q u i r i n g  a l a r g e r  number of 
sa te l l i tes  f o r  the  same coverage. 

S ince  ground t r ansmi t t i ng  and r ece iv ing  antennas 
would po in t  i n  a l l  azimuths and a l l  e l e v a t i o n  
angles  (above some minimum), t he  i n t e r f e r e n c e  t o  
and from e x i s t i n g  and planned terrestrial s e r v i c e s  
on the  same f requencies ,  i f  any, would be i n t e n s i f i e d ,  
( R e l a t i v e . )  

Doppler s h i f t  would r e q u i r e  c o r r e c t i v e  c i r c u i t r y .  
( R e l a t i v e . )  

( R e l a t i v e . )  

2 .  Synchronous Systems 

I 
a .  Descr ip t ion  I 

Synchronous systems can be e s t a b l i s h e d  us ing  either p o l a r ,  I 

i n c l i n e d ,  or e q u a t o r i a l  o r b i t s .  

* For an explana t ion  of t h e  use of t he  terms r e l a t i v e  and abso lu te ,  

I f  the  satel l i tes  are spaced p r e c i s e l y ,  

see pp. 3-4. 
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and t h e i r  v e l o c i t y  i s  c o n t r o l l e d ,  they w i l l  fo l low i d e n t i c a l  pa ths  and 

appear a t  r egu la r  i n t e r v a l s .  This means t h a t  t h e  bookkeeping problem 

is  s impl i f i ed  and t h a t  t r ack ing ,  a c q u i s i t i o n ,  and s a t e l l i t e  s e l e c t i o n  

problems would be eased a t  t h e  ground s t a t i o n s .  I n  e f f e c t ,  these systems 

t r a n s f e r  some of t h e  complexity (and t h e r e f o r e ,  c o s t )  from the  ground 

s t a t i o n  t o  t h e  sa te l l i t e  and launch veh ic l e s .  

The General E l e c t r i c  Company (GE) has proposed a system c o n s i s t i n g  

of t e n  satell i tes i n  e q u a t o r i a l  o r b i t  a t  an a l t i t u d e  of 6 ,000 m i l e s ,  

spaced e i g h t  hours apart.  

packages each c o n s i s t i n g  of a 252-channel r e c e i v e r ,  two 24-channel re- 

c e i v e r s ,  and one 300-channel FM t r ansmi t t e r ,  a l l  us ing  la rge- index  modu- 

l a t i o n  with frequency feedback. Thus two small ground s t a t i o n s  and one 

l a r g e  ground s t a t i o n  could have access t o  each of t h e  f o u r  packages. 

I n  t o t a l ,  fou r  l a r g e  ground s t a t i o n s  and e i g h t  small ground s t a t i o n s  

could use  the  same sa te l l i t e  simultaneously.  Tota l  s a t e l l i t e  t r a n s m i t t e r  

power would be about 10 watts and primary power about 500 watts,  suppl ied  

by s o l a r  c e l l s  on o r i e n t e d  paddle wheels using sun sensors  and by s t o r a g e  

b a t t e r i e s .  Tota l  weight of a sa te l l i te  would be about 1000 pounds. Large 

ground s t a t i o n s  would have 2-kw t r ansmi t t e r s ,  r ece ive r s  wi th  no i se  temper- 

a t u r e s  of 100°K, and 60-foot-diameter pa rabo l i c  antennas capable  of 

t r a c k i n g  the  satel l i tes  through t h e i r  i d e n t i c a l  pa ths  ac ross  t he  s k y .  

S a t e i i i t e s  wouid be equipped wi th  f o u r  i d e n t i c a l  

The present  s t a t u s  of plans t o  implement t h i s  sys tem is  not  

known. 

b .  Advantages Offered by Use of a 6,000-Mile-Alti tude 
Synchronous System 

(1) This system e f f e c t s  a compromise between a random- 
o r b i t  system and a s t a t iona ry  system. The i n t e r -  
fe rence  problem i s  reduced s i n c e  each ground s t a t i o n  
would sweep through the same l i m i t e d  a r c  on each 
pass  of each s a t e l l i t e  i n  sequence. A l l  s t a t i o n s  i n  
one hemisphere would poin t  i n  the  general  d i r e c t i o n  
of t h e  equator  a t  a l l  times. Thus, no ground s t a t i o n  
beam would look "down t h e  th roa t "  of o t h e r  s t a t i o n s ,  
b u t ,  a t  wors t ,  over t h e  shoulder .  I1  I t  
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(3) 

Tracking requirements are reduced i n  comparison 
with those  of a random-orbit sys tem,  s i n c e  each 
sa te l l i t e  i n  t u r n  would appear a t  t he  same p lace  
on the  hor izon ,  fol low the same pa th ,  and d i s -  
appear from v i e w  a t  t h e  same p lace .  S a t e l l i t e s  
would appear a t  r egu la r  i n t e r v a l s  and be v i s i b l e  
f o r  t he  same l eng th  of t i m e .  Hence, t r ack ing  
antennas could be simply programmed t o  fol low 
i d e n t i c a l  pa ths  a t  each s t a t i o n .  

A t  ground s t a t i o n s  between 60' North and South 
L a t i t u d e ,  one sa te l l i t e  would always be i n  view. 
A t  s t a t i o n s  between 45O North and South L a t i t u d e ,  
two sa te l l i t es  would always be i n  v i e w .  A t  
e q u a t o r i a l  s t a t i o n s ,  three satel l i tes  would always 
be i n  view. With one s a t e l l i t e  o u t  of s e r v i c e ,  
s e r v i c e  would not  be i n t e r r u p t e d  f o r  ground s t a t i o n s  
between 45' North and South L a t i t u d e .  

( 4 )  The frequency a l l o c a t i o n  requi red  f o r  one two-way 
l i n k  could be reused f o r  a l l  t e n  satel l i tes  i n  t h e  
s y s t e m ,  t h u s  reducing the  t o t a l  a l l o c a t i o n  requi red .  

Delay t i m e  in t roduced by path l eng th  does not  
exceed CCITT s p e c i f i c a t i o n s .  

(5 )  

c .  Disadvantages of U s e  of a 6,000-Mile-Alti tude 
Svnchronous Svstem 

The system has t h e  disadvantages of any synchronous system: 

s a t e l l i t e s  must be con t ro l l ed  accu ra t e ly  i n  l a t i t u d e ,  speed,  spac ing ,  

and a t t i t u d e .  T h i s  i m p l i e s  g r e a t e r  complexity of t h e  s a t e l l i t e ,  s h o r t e r  

l i f e ,  and g r e a t e r  launch weight than f o r  random o r b i t  packages. 

3. Sta t ionary  Systems 

a .  Descr ip t ion  

If t he  a l t i t u d e  of a synchronous s a t e l l i t e  system i s  increased  

t o  22,300 miles, the  satel l i tes  w i l l  remain s t a t i o n a r y  w i t h  r e spec t  t o  

t h e  earth (except  f o r  small movements due t o  l u n a r  and s o l a r  p e r t u r b a t i o n s ,  

v a r i a t i o n s  i n  the  e a r t h ' s  s p h e r i c i t y  and homogeneity, e t c . ) .  Three 

s a t e l l i t e s ,  spaced 120 degrees  a p a r t ,  could provide g loba l  coverage 

except  fo r  the polar reg ions .  

Several  companies, inc luding  t h e  Hughes A i r c r a f t  Company, 

Lockheed A i r c r a f t  Corporat ion,  and I n t e r n a t i o n a l  Telephone and Telegraph 

Corporation ( ITT)  have made proposals  t o  develop and e s t a b l i s h  such 
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a system. Satellite transmitter powers would be on the order of a few 

watts with receiver noise temperatures of several thousand degrees K. 

Power would be supplied by solar cells in conjunction with storage 

batteries. Ground stations would have transmitters of several kilowatts 

and receivers with noise temperatures under 100'K, and would utilize 

antennas on the order of 100-foot-diameter parabolic dishes. The proposed 

weight of a satellite varies from system to system between 50 and a few 

hundred pounds. SSB modulation for the up path and wide-index FM for the 

down path has been advanced f o r  one system, PCM up and FM down for another. 

The operational advantage that would accrue from using SSB on the up path 

is that transmissions from several ground stations could be received simul- 

taneously by the satellite and added linearly in one receiver. This com- 

bined received signal could then be detected and re-transmitted. A ground 
station would receive the composite signal, demodulate it, and select only 

those channels carrying messages destined f o r  that station. Thus, by 

keeping one channel for system control, each ground station could request-- 

and be assigned--only the number of channels needed at any moment (subject, 

of course, to the availability of a free channel at the time). The choice 

of modulation for the down path would be dictated by satellite transmitter 

power limitations. It has been shown that reductions in transmitter power 

are possible, for the same S/N ratio at the ground receiver, if wide- 

deviation FM with frequency feedback is used. The price, of course, is 

greater spectrum use. This operational employment is essentially the 
11 switchboard in orbit" concept. 

The experimental programs at present include the Syncom I project 
of Hughes under NASA sponsorship, which provides for the building of three 

and the launching of one satellite into 22,330-mile orbit by late 1962. 

However, the orbit will be inclined about 33 degrees with respect to the 

equator so that it will not be truly stationary, but will describe a 

figure eight between 33' North and South Latitude. 

b. Advantages Offered by Use of a Stationary System 

(1) Only three satellites (plus spares in orbit and 
on the ground) are necessary for world-wide coverage 
to within 8 degrees of the poles. 
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Since  sa te l l i t es  would be n e a r l y  s t a t i o n a r y ]  
continuous horizon-to-horizon t r a c k i n g  by 
ground antennas would no t  be r equ i r ed .  Once 
po in ted ,  s a t e l l i t e  antennas would remain 
e s s e n t i a l l y  f i x e d ,  g r e a t l y  s impl i fy ing  t h e i r  
c o n s t r u c t i o n .  

Note: S ince  a s t r i c t l y  c i r c u l a r ,  s t a t i o n a r y  
o r b i t  i s  n o t  p o s s i b l e  f o r  t h e  reasons  
a l r eady  g iven ,  such e f f e c t s  r e q u i r e  in- 
v e s t i g a t i o n ,  t o  determine what t r a c k i n g  
c a p a b i l i t y  would be needed a t  t h e  ground 
s t a t i o n s  and how much wider than  17.5 degrees  
t h e  s a t e l l i t e  antenna must be t o  i n s u r e  
continuous coverage wi th  per turbed  oFBi ts .  

There would be no n e c e s s i t y  t o  a c q u i r e ,  t r a c k ,  or  keep 
t rack  of many sa te l l i t es .  

A sa te l l i t e  antenna system can be  made d i r e c t i v e  
(17.5-degree half-power beamwidth) and s t i l l  view 
a l l  ground t e rmina l s  i n  i t s  sector of the wor ld .  
This l e s s e n s  t h e  requirements on s a t e l l i t e  t r a n s -  
mitter power and s a t e l l i t e  r e c e i v e r  n o i s e  
temperature.  

Only one t r a n s m i t t i n g  and one r e c e i v i n g  antenna 
are r equ i r ed  a t  each t e rmina l ,  s i n c e  t e rmina l s  
would no t  swi tch  from one sa te l l i t e  t o  a n o t h e r .  

A given ground te rmina l  would r e c e i v e  and t r a n s m i t  
i n  one f i x e d  d i r e c t i o n ,  t hus  reducing t h e  problem 
of i n t e r f e r e n c e  t o  and from other s e r v i c e s  i f  
f r equenc ie s  must be sha red .  Ground t e rmina l s  
could be p ro tec t ed  from i n t e r f e r e n c e  by s e l e c t i o n  
of such sites as deep v a l l e y s  o r  excavated p i t s .  

Doppler s h i f t  would n o t  be p r e s e n t .  

c .  Disadvantages of U s e  of S t a t i o n a r y  System 

S t a t i o n a r y  satel l i tes  are more complicated than  
random-orbit sa te l l i tes ,  because they  must c o n t a i n  
r e l i a b l e  s t a t ion -keep ing  equipment. ( R e l a t i v e . )  

Greater sa te l l i t e  t r a n s m i t t e r  power would be 
r equ i r ed ,  t hus  i n c r e a s i n g  the problem of re- 
l i a b i l i t y  of components and reducing  t h e  l i f e  
of heated cathode dev ices .  ( R e l a t i v e . )  

Larger ,  more powerful, more p r e c i s e  launch  
v e h i c l e s  would be r e q u i r e d .  S i n g l e  launch 
might be r equ i r ed .  E q u a t o r i a l  launch si tes 
might be d i c t a t e d .  ( R e l a t i v e . )  
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( 4 )  Po la r  reg ions  would not be covered .  An a d d i t i o n a l  
s a t e l l i t e  s y s t e m  i n  polar  or near -polar  o r b i t s  
would be requi red  i f  commercial s e r v i c e  must be 
supp l i ed  t o  these  areas of the  world.  
ments f o r  commercial service t o  p o l a r  reg ions  
w i l l  probably be n e g l i g i b l e . )  ( R e l a t i v e . )  

A delay-caused echo suppression problem ( i n c l u d i n g  
lockout" )  e x i s t s .  ( T h i s  may be a fundamental ba r  

i f  s t anda rds  are t o  be maintained and no s o l u t i o n  
is found.but  see Chapter V,) 

Extremely large frequency a l l o c a t i o n s  are necessary  
i f  each sa t e l l i t e  must u l t i m a t e l y  r e l a y  c i r c u i t s  
between many ground s t a t i o n s  as t h e  t r a f f i c  load  
i n c r e a s e s ,  The number of ErequenFy bands requkred 
t o  provide  two-way point-to-point l i n k s  between 
a l l  p o s s i b l e  combinations of n ground s t a t i o n s  
us ing  one sa te l l i t e  is  2n(n-1) .  For example, i f  
each of seven ground s t a t i o n s  r e q u i r e s  c i r c u i t s  t o  
t h e  o t h e r  s i x ,  a t o t a l  of 84 bands i s  r equ i r ed .  
Using t h e  50-Mc bandwidth r equ i r ed  f o r  fu l l -dup lex  
ope ra t ion  by one o f  the  s y s t e m s  f o r  48 v o i c e  channels ,  
a t o t a l  of 4.2 kMc i s  needed. I f  approximately 10 kMc 
i s  s u i t a b l e  f o r  sa te l l i te  s e r v i c e ,  c l e a r l y  t h e r e  is 
a l i m i t  t o  t h e  number of s t a t i o n s  tha t  could be l i nked  
by t h i s  system or t o  the number of c i r c u i t s  between 
s t a t i o n s .  I f  a s u b s t a n t i a l  p o r t i o n  of t he  e n t i r e  
reg ion  between 1 and 10 kMc must be a v a i l a b l e  f o r  
the  s a t e l l i t e  system, frequency s h a r i n g  w i t h  ter- 
res t r ia l  service would obvious ly  be necessa ry ,  bu t  
might no t  be poss ib l e  i n  the  bands used by high- 
power r ada r  and t ropospher ic  scat ter  sys tems,  t hus  
reducing t h e  a v a i l a b l e  f r equenc ie s  even more. More- 
ove r ,  p rovid ing  satell i tes w i t h  a c a p a b i l i t y  t o  re lay  
such a broad band of f r equenc ie s  as 10 kMc g r e a t l y  
i n c r e a s e s  t h e  complexity and i n c r e a s e s  t he  power re- 
quirements of a sa te l l i t e  i f  t h e  same number of wa t t s  
p e r  megacycle is t o  be a v a i l a b l e  a t  each e a r t h  s t a t i o n .  

The a l t e r n a t i v e  is t o  p l a c e  more than  one s a t e l l i t e  
i n  s t a t i o n a r y  o r b i t  over each reg ion  of t h e  e a r t h ,  
w i t h  t h e  s a t e l l i t e s  separa ted  i n  space  by more than  
t h e  beamwidth of t h e  ground antenna s y s t e m s .  S ince  
for each s a t e l l i t e  i n  o r b i t  there must be a s p a r e  
ready f o r  i n s t a n t  use,  p l u s  s p a r e s  on the  ground 
ready f o r  launch within s e v e r a l  days ,  t h i s  means the  
c o s t  of the  r equ i r ed  r e p e a t e r s  i n  o r b i t  begins  t o  
approach t h a t  of l ower -a l t i t ude  s y s t e m s  w i t h  their  
i n i t i a l l y  l a r g e r  number of sa te l l i t es .  

(Require- 

(5)  
11 

(6) 

( R e l a t i v e . )  
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E .  Time Phasing 

Most es t ima tes  f o r  i n s t a l l a t i o n  of random p o l a r  o r b i t  s y s t e m s  p l a c e  

t h e  f i r s t  launchings i n  mid-1962. This seems an achievable  goa l  con- 

s i d e r i n g  t h e  missiles now o p e r a t i o n a l  and capable  o f  p l a c i n g  payloads of 

t h e  required weight i n  t h e  s p e c i f i e d  o r b i t .  The sa te l l i t es  t h a t  are con- 

templated do no t  d i f f e r  e s s e n t i a l l y  i n  f u n c t i o n  from communication packages 

t h a t  have a l ready  been launched and opera ted  s u c c e s s f u l l y .  The primary 

concern appears t o  be t h e  r e l i a b i l i t y  o f  t h e  package; t h i s  imp l i e s  t h a t  

a s i g n i f i c a n t  p o r t i o n  of t h e  development e f f o r t  w i l l  be devoted t o  pro- 

ducing a package t h a t  can guarantee  a s u f f i c i e n t l y  long mean t i m e  t o  

f a i l u r e  to  s a t i s f y  t h e  economic cons ide ra t ions  on which t h e  e n t i r e  system 

is based. 

However, by the  n a t u r e  of the random or .b i t ,gyS; teq , the  launching  of 

the f i r s t  veh ic l e  does n o t  open t h e  system f o r  commercial ope ra t ion .  I t  

has been es t imated  that  30 func t ion ing  satell i tes must be placed i n  o r b i t  

be fo re  channel a v a i l a b i l i t y  approaches tha t  r equ i r ed  by i n t e r n a t i o n a l  

s tandards  f o r  commercial telephone se rv ice . '  I f  a launch pad is  made 

a v a i l a b l e  f o r  the e x c l u s i v e  use  of t h e s e  v e h i c l e s  , t h e  "turnaround" t i m e  

is reduced t o  f o u r  weeks from the  p r e s e n t  time of f i v e  weeks or more, 

and the re  are no launch v e h i c l e  f a i l u r e s  t h a t  damage t h e  pad, i t  w i l l  

t a k e  30 months t o  p l a c e  t h e s e  satel l i tes  i n  o r b i t  assuming a 1 .0  proba- 

b i l i t y  of success fu l  launch. I t  is probable ,  however, t h a t  du r ing  t h i s  

t i m e  many of t h e  sa te l l i t es  a l r eady  launched w i l l  have f a i l e d ,  n e c e s s i t a t i n g  

add i t iona l  launches t o  r e p l a c e  them. Assuming a mean t i m e  t o  f a i l u r e  of 

two y e a r s  and that satel l i tes  f a i l  a t  a uniform rate throughout the  l i f e -  

t i m e  of the system, t h e  most probable number of sa te l l i tes  s t i l l  ope ra t ing  

a t  t he  end of 30 months w i l l  be seventeen (see Appendix I ) .  I n  f a c t ,  i t  

can be shown t h a t  an  average of 30 working satel l i tes  can never be p l aced  , .-R__".__ - .--.- -*-.- --_-- -..- -e-- ------ , --̂- - * - .- 
i n  o r b i t  if they have a mean t i m e  t o  f a i l u r e  of t w o  yea r s  and a r e . J a u c h e d  

^" - 
a t  a rate of one p e r  month-with no launch v e h i c l e  f a i l u r e s .  

I f  the sa te l l i t es  have a mean t i m e  t o  f a i l u r e  of f i v e  y e a r s ,  i t  w i l l  

t ake  42 months t o  p l a c e  30 working satel l i tes  i n  o r b i t  assuming a 1.0 

p robab i l i t y  of success fu l  launch. I f  a 0.8 p r o b a b i l i t y  of s u c c e s s f u l  
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launch i s  assumed; i t  w i l l  t ake  an average of 52.5 months. However, i t  

is probable t h a t  dur ing  these 10-1/2 months, s e v e r a l  s a t e l l i t e s  p rev ious ly  

placed i n  o r b i t  w i l l  have f a i l e d ,  n e c e s s i t a t i n g  a d d i t i o n a l  launches t o  

b r ing  t h e  t o t a l  t o  30. A t  t h i s  time satel l i tes  are f a i l i n g  a t  an average 

rate of one every two months. Therefore,  about f i v e  more replacements 

w i l l  be necessary  r e q u i r i n g  about seven more launches of 0.8 p r o b a b i l i t y  

of s u c c e s s .  Again, satell i tes w i l l  f a i l  du r ing  t h i s  pe r iod  and s e v e r a l  

more months w i l l  be necessary t o  bring the  t o t a l  t o  a t  least  30. Thus, 

about 62 months e l a p s e  from t h e  time of t h e  f i r s t  launch u n t i l  t h e  system 

i s  ready f o r  commercial o p e r a t i o n ,  

t h a t  w h i l e  approximately 30 sa t e l l i t e s  are requi red  f o r  n e a r l y  continuous 

coverage, some s e r v i c e  might be provided wi th  t e n  working satel l i tes  i n  

o r b i t .  With t h i s  number i n  service, t h e r e  would be a p p r e c i a b l e ,  pre- 

d i c t a b l e  pe r iods  of coverage having known d u r a t i o n s .  These pe r iods  

might be u t i l i z e d  t o  supplement e x i s t i n g  s e r v i c e  on a scheduled b a s i s .  

I t  should be poin ted  o u t  however, 

The c a l c u l a t i o n s  i n  Appendix I g ive  t h e  average number of sa te l l i tes  

s t i l l  ope ra t ing  as a func t ion  of time wi th  mean t i m e  t o  f a i l u r e  as a 

parameter. The a c t u a l  number func t ioning  a t  any t i m e  may d i f f e r  apprec i -  

ab ly  from these averages .  T h i s  lengthy computational problem has no t  

been a t t empted ,  There i s ,  though, a non-zero p r o b a b i l i t y  t h a t  t h e  a c t u a l  

number of working satel l i tes  w i l l  be less than  t h e  average number by any 

f i n i t e  amount. I f  t h e  p r o b a b i l i t y  of having less than  t h e  average number 

a t  any t i m e  i s  t o  be kept extremely small ,  then  many more launches w i l l  

be r equ i r ed  than ind ica t ed  by t h e s e  computations. 

The t i m e  could be shortened i f  more than  one launch pad were made 

a v a i l a b l e  f u l l  t i m e  f o r  s a t e l l i t e  launches.  The number of pads t h a t  

might be made a v a i l a b l e  on a fu l l - t ime  b a s i s  i s  unknown, b u t  i t  is our  

op in ion  t h a t  ob ta in ing  even one on a f u l l - t i m e  b a s i s  would be d i f f i c u l t .  

The s i t u a t i o n  w i t h  a s t a t i o n a r y  system is  markedly d i f f e r e n t .  While 

t h e  development t i m e  may be expected t o  t a k e  cons iderably  longe r  than  f o r  

a random o r b i t  sys t em,  the  system i s  capable  of func t ion ing  as soon as one 

s a t e l l i t e  and i t s  standby have been placed i n  o r b i t ,  a t o t a l  of on ly  two 
launches .  Assuming the  same turnaround t i m e ,  but a launch v e h i c l e  

17 



r e l i a b i l i t y  of as low as 0.6, i t  w i l l  take an average of 3.3 months t o  

p l a c e  both satel l i tes  i n  o r b i t .  

The unknown f a c t o r  i n  t h i s  comparison of time phasing is the 

development t i m e  f o r  a s t a t i o n a r y  s a t e l l i t e  s y s t e m .  If t he  random o r b i t  

sys t em takes only  s i x  months t o  develop, then some 68 months--over 

5-1/2 years--would be r equ i r ed  be fo re  t h e  s y s t e m  would be o p e r a t i o n a l .  

I f  a s t a t i o n a r y  s y s t e m  took f i v e  y e a r s  t o  p e r f e c t ,  i t  could s t i l l  

be i n  service a t  the same t i m e  as a random o r b i t  system. P rognos t i ca t ion  

is d i f f i c u l t  be fo re  such a sa te l l i t e  has even been t r i e d  i n  an  experiment,  

but there appears t o  be a good p o s s i b i l i t y  t h a t  t he  development t i m e  could 

be appreciably less than  f i v e  yea r s .  I f  so, t he  s t a t i o n a r y  system w i l l  

no t  follow years of random o r b i t  system o p e r a t i o n ,  but a c t u a l l y  prtpnsdei 

i t ,  i f  i t s  development i s  ass iduous ly  pursued. 
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I11 PRESENT AND ESTIMATED INTERNATIONAL 
COMMUNICATION REQUIREMENTS 

A .  General 

A review of the  requirements f o r  a common-carrier s a t e l l i t e  r e l a y  

system i s  necessary  t o  determine the parameters of an ope ra t ing  s y s t e m .  

Requirements vary ,  depending on t h e  i n t e r e s t s  of t hose  formula t ing  them. 

A system might be r equ i r ed  t o  meet one or more of t h e  fo l lowing  

o b j e c t i v e s :  

Expand common-carrier telephone s e r v i c e  ac ross  t h e  North 
A t l a n t i c  and on o t h e r  high-density r o u t e s ,  

Improve and expand t h e  "hub-and-spoke" s e r v i c e  now pro- 
vided by r a d i o  telephone l i n k s  between t h e  U.S. and o t h e r  
c o u n t r i e s .  

Improve and expand the record communications and d a t a  
t ransmiss ion  l i n k s  between the  U.S. and o t h e r  c o u n t r i e s ,  
i nc lud ing  pub l i she r s '  s p e c i a l  needs and special-purpose 
bus iness  r eco rds .  

Provide new s e r v i c e s  between t h e  U.S. and o t h e r  c o u n t r i e s ,  
such a s  TV r e l a y ,  and leased- l ine  s e r v i c e .  

Provide d i rec t  broadcast  of TV, AM, and FM programs t o  
home r e c e i v e r s .  (See next c h a p t e r . )  

Provide be t te r  telephone and t e l eg raph  channels from 
United Nations headquarters t o  t h e  c a p i t a l s  of a l l  i t s  
member n a t i o n s .  

Provide inc reased  and improved common-carrier s e r v i c e  
between o t h e r  c o u n t r i e s .  

Supply telephone and te legraph  c i r c u i t s  wi th in  a l i m i t e d  
geographic a r e a .  

T rans fe r  t h e  e x i s t i n g  overseas s e r v i c e  provided by HF' r a d i o  
t o  t h e  less crowded and more r e l i a b l e  microwave spectrum. 

These requirements are not  n e c e s s a r i l y  m u t u a l l y  exc lus ive .  A system 

designed t o  s a t i s f y  one of t hese  ob jec t ives  may s a t i s f y  s e v e r a l  a t  t h e  

same t i m e ,  w i t h  f e w  changes i n  ope ra t iona l  employment, t e rmina l  l o c a t i o n s ,  

and system parameters.  Some requirements,  however, d ic ta te  d i f f e r e n t  

systems. For example, a random o r b i t  system might s a t i s f y  Requirement (1) 
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most economically and not be capable of also satisfying Requirement (6) 

at all. 

In an attempt to evaluate systems in terms of needs, we have tried 

to determine what the communications needs of various interests are 

likely to be. Lest the following sections be taken as definitive findings, 

let it be emphasized that the prognosticating of what communications 

planners want is only indicative of the varying sets of requirements that 

are implied in several proposals that have been advanced for satellite 

systems, and represents the type of analysis that should be undertaken by 

those responsible for advancing, authorizing, or sponsoring a satellite 

system. The growth and industrialization of new nations, and the need 

for better communications with remote or under-developed regions of the 

world may not only change the present distribution of traffic volumes and 

services but require new services. 

B. Commercial Communication Reauirements of the U.S. 

In this section the present and estimated distribution of inter- 

national communications of the U.S. is presented. 

Traffic loads estimated for the future are stated in total volume; 

no differentiation between government and non-government demand is indi- 

cated. Two major reasons account for this treatment. First, a large 

portion of the government demand is of a classified nature and figures 

are not available; thus, no planning factors can be developed. Second, 

numerous government agencies, especially the Department of Defense, operate 

their own communication networks and do not use commercial systems. From 

time to time various government agencies, such as the Department of the 

Army, utilize commercial circuits to supplement their own facilities, but 

these loads generally are small, have characteristics similar to commercial 

traffic, and are therefore included with commercial demands. 

Estimated satellite loads for the near and distant future have been 

derived on two bases. First, the historical trends in international 

communication have been examined to provide an understanding of the re- 

lationships among the various modes of service and to deduce the reasons 
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f o r  t h e s e  t r e n d s  and r e l a t i o n s h i p s .  Using t h i s  a n a l y s i s ,  t r a f f i c  loads  

and p a t t e r n s  have been ex t r apo la t ed  from t h e  h i s t o r i c a l  base .  

The second procedure, which i s  complementary t o  t h e  f i r s t ,  recognizes  

t h a t  t h e  demand f o r  communication s e r v i c e s  i s  a de r ived  demand. I n t e r -  

n a t i o n a l  communication, except f o r  a small  amount of personal  t r a f f i c ,  is 

of a commercial and i n d u s t r i a l  na ture  and e x i s t s  t o  f a c i l i t a t e  t h e  ac- 

complishment of such o b j e c t i v e s  a s  t h e  management of f o r e i g n  inves tments ,  

i n t e r n a t i o n a l  banking, and nego t i a t ion  of f o r e i g n  t r a d e .  Consequently, 

t h e  second procedure has  involved the q u a n t i t a t i v e  de te rmina t ion  of the 

f a c t o r s  from which t h e  demand f o r  communication i s  a c t u a l l y  de r ived .  The 

resu l t s  of such ana lyses  have been u t i l i z e d  t o  check t h e  loads  p red ic t ed  

by e x t r a p o l a t i o n  from the h i s t o r i c a l  base .  Because i t  seems t h a t  t hese  

f a c t o r s  can be es t imated  f o r  t h e  f u t u r e  w i t h  a h ighe r  degree  of c e r t a i n t y  

than communication t r a f f i c ,  e s p e c i a l l y  f o r  r e l a t i v e l y  new forms of com- 

munication, t h e  es t imated  t r a f f i c  can thus  be more a c c u r a t e l y  extended 

i n t o  t h e  f u t u r e  than  i s  p o s s i b l e  by s t r a i g h t  t r a f f i c  e x t r a p o l a t i o n  a lone .  

A l l  e s t i m a t e s  of f u t u r e  loads have been made without s p e c i f i c  con- 

s i d e r a t i o n  of t h e  type  of communication s a t e l l i t e  t h a t  w i l l  be employed. 

For a pre l iminary  a n a l y s i s ,  t h i s  procedure may be s u f f i c i e n t l y  accu ra t e  

t o  g ive  o r d e r  of magnitude e s t ima tes .  However, as s y s t e m  des igns  mature 

and more p r e c i s e  estimates of cost a r e  developed, s p e c i f i c  s a t e l l i t e  

systems m u s t  be cons idered ,  i f  t he  estimated c o s t s  f o r  the  va r ious  systems 

have a wide range. Undoubtedly, communication t r a f f i c  loads  are i n  p a r t  

a f u n c t i o n  of t h e  r a t e  s t r u c t u r e .  Moreover, as d i scussed  i n  Chap. I V ,  

t h e  t r a n s l a t i o n  of the  es t imated  load i n t o  c i r c u i t  requirements i s  h igh ly  

dependent upon the  type  of s a t e l l i t e  sys t em.  

P r o j e c t i o n s  of i n t e r n a t i o n a l  t r a f f i c  cus tomar i ly  are made on an 

annual b a s i s .  These p r o j e c t i o n s  alone, however, do no t  enab le  d e r i v a t i o n  

of e i t h e r  c i r c u i t  or t e rmina l  requirements.  The r equ i r ed  number of cir- 

c u i t s  i s  very dependent upon: 

a t i o n s  i n  demand, t he  l eng th  of message or c a l l ,  t h e  t i m e  r equ i r ed  t o  

e f f e c t  connection between two customers ( e s p e c i a l l y  du r ing  peak demand 

c o n d i t i o n s )  , the q u a l i t y  of s e rv i ce  t o  be o f f e r e d ,  and re la ted ope ra t ing  

the  hour ly  ( i f  no t  by the minute) v a r i i  
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and t echn ica l  cond i t ions .  These f a c t o r s  are of greatest concern i n  

telephone communication and of least  f o r  record  t r a f f i c ;  they  can on ly  

be es t imated  because few, i f  any, p e r t i n e n t  s t a t i s t i c a l  d a t a  are a v a i l -  

a b l e  i n  publ ic  record .  N a t u r a l l y  t h e s e  f a c t o r s  vary  as a f u n c t i o n  of 

t h e  type  of t r a f f i c :  telephone, t e l eg raph ,  Telex, and i n  t h e  f u t u r e ,  

probably t e l e v i s i o n ,  f a c s i m i l e ,  and o t h e r s .  

The hour ly  v a r i a t i o n  i n  demand i s  one of the most s i g n i f i c a n t  

f a c t o r s  t o  cons ide r  i n  conversion of annual demand t o  t h e  number of c i r -  

c u i t s  of a s a t e l l i t e  system. The g r e a t e s t  i n f luence  on t h i s  i s  t h e  t i m e  

d i f f e r e n t i a l  t h a t  ex is t s  around t h e  world. Assuming t h a t  most i n t e r -  

n a t i o n a l  t r a f f i c  i s  of a bus iness  n a t u r e ,  t h e  fewer t h e  number of bus iness  

hours common t o  both t e rmina l s ,  the g r e a t e r  and sha rpe r  w i l l  be t he  system 

peak or, i n  o t h e r  words, t h e  less w i l l  be the  system load  f a c t o r .  The 

load f a c t o r s  on systems from t h e  e a s t e r n  U . S .  t o  most c i t i e s  i n  South 

America would be expected t o  be f a r  h igher  than  t h e  load  f a c t o r  on s y s t e m s  

t o  Europe, which has about ha l f  as many common bus iness  hours wi th  t h e  

U.S .  Between some a r e a s  of t h e  world, of cour se ,  t h e r e  are no common 

bus iness  hours.  

The c a l l  or message l eng th  i s  a s  s i g n i f i c a n t  as t h e  hour ly  demand 

i n  t r a n s l a t i n g  annual loads  t o  numbers of c i r c u i t s .  F ive  c i r c u i t s ,  f o r  

example, could handle 100 five-minute c a l l s ,  while t e n  c i r c u i t s  would be 

r equ i r ed  t o  c a r r y  100 ten-minute c a l l s  i n  t h e  same t i m e  pe r iod .  I n  t h e  

case of hourly load v a r i a t i o n s ,  these d a t a  were not  a v a i l a b l e ,  but t h e s e  

estimates a r e  reasonably r e l i a b l e .  

The number of s a t e l l i t e  c i r c u i t s  r equ i r ed  a l s o  depends upon t h e  

grade or q u a l i t y  of s e r v i c e  provided t o  the  customer wi th  r e s p e c t  t o  

wa i t ing  t i m e ,  c i r c u i t  connection t i m e ,  and related o p e r a t i n g  cond i t ions  

and procedures. Here, matters of po l i cy  and c o s t  e n t e r  i n .  C l e a r l y ,  i f  

s e r v i c e  is  t o  be provided immediately on demand t o  a l l  customers,  even 

a t  peak hours, t h e  number of c i r c u i t s  must be f a r  g r e a t e r  than  t h a t  needed 

under condi t ions  of a c o n t r o l l e d  wa i t ing  schedule ,  c a l l  c l a s s i f i c a t i o n  

procedure ( w i t h  commensurate cha rges ) ,  or o t h e r  such o p e r a t i n g  schemes. 
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C i r c u i t  completion and r e l a t e d  procedures,  i nc lud ing  the  l o c a t i o n  

of t h e  person cal led,  i n  e f f e c t  extend t h e  l e n g t h  of each  c a l l .  Obviously, 

t h e  longer  i t  t akes  t o  c a r r y  ou t  these operations--which produce no revenue 

t o  t h e  carrier--the smaller w i l l  be t h e  t o t a l  number of messages handled 

per c i r c u i t .  I t  i s  no t  c l e a r  y e t  what weight w i l l  be given t o  these f a c t o r s  

i n  system planning. C e r t a i n l y ,  a dec is ion  w i l l  r ep resen t  a compromise among 

company p o l i c y ,  o p e r a t i n g  procedure, and equipment des ign .  The weight t o  be 

given t o  t h e  p o s s i b i l i t y  of c a l l s  l o s t  or d i v e r t e d  t o  o t h e r  communication 

modes, such a s  j e t  a i r m a i l ,  because of ex tens ive  wa i t ing  times does no t  

appear t o  have been f u l l y  explored. Thus, estimates of c i r c u i t  requirements 

must be used wi th  awareness of these  unresolved problems. 

I n t e r n a t i o n a l  communication t r a f f i c  has inc reased  s t e a d i l y  each year  

du r ing  t h e  p a s t  s e v e r a l  decades. The causes  f o r  t h i s  are manifold.  In- 

c reased  i n t e r n a t i o n a l  trade and t r a v e l ,  expansion of U S.  bus iness  f i r m s  

i n t o  f o r e i g n  o p e r a t i o n s ,  and development of t h e  U . S .  as a world power are 

a f e w  of t h e  many reasons  c i t e d .  

The v a s t  bulk of i n t e r n a t i o n a l  communication i s  handled by m a i l .  In  

1958, f o r  example, 90 p i eces  of a i rma i l  were handled f o r  every  te lephone  

c a l l  and e i g h t  pieces f o r  every te legraph  message. These r a t i o s  have 

s h i f t e d  i n  f avor  of t he  telephone, as  can be seen by comparison w i t h  1951. 

I n  t h a t  y e a r  about 125 p ieces  of a i rma i l  were handled f o r  each telephone 

c a l l ,  b u t  on ly  s i x  p ieces  f o r  each t e l eg raph  message. Both airmail  and 

te lephone  t r a f f i c  are inc reas ing  a t  a h ighe r  annual ra te  than t e l eg raph  

t r a f f i c .  Table I shows these  volumes s i n c e  1951. 

Table  11 shows these t r ends  i n  terms of the  t r a f f i c  i n  1951, a r b i -  

t r a r i l y  chosen a s  t h e  base year .  The growth ra te  of telephone t r a f f i c  i s  

obvious ly  f a r  greater than t h a t  of e i t h e r  m a i l  or t e l eg raph ,  w i t h  annual 

i n c r e a s e s  of about 18 t o  20 percent above the  previous y e a r .  In  1957 both 

a i r m a i l  and t e l eg raph  loads  experienced apprec iab le  i n c r e a s e s  over  1956, 

bu t  t hen  the ra te  of growth decreased. The telephone load showed the  same 

i n c r e a s e  and continued t o  show i t .  
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Table I 

INTERNATIONAL COMMUNICATION TRAFFIC-- 
1951-1958, ACTUAL VOLUME 
( A l l  u n i t s  i n  m i l l i o n s )  

Yeara 

1957 
1958 

A i r m a i l  
( P i e c e s  ) 

Telegraphb, 
(Messages) 

Telephone 
( C a l l s )  

127 
137 
149 
154 
158 
17 8 
189 
182 

20.9 
20.6 
20.6 
21.3 
22.3 
23.8 
24 .1  
23.3 

1.15 
1.19 
1.32 
1.42 
1.50 
1 .73  
2.  03d 
2 .25e 

a F i s c a l  years  f o r  a i rmai l ;  ca l enda r  years  f o r  
te legraph  and telephone. 

Excluding marine t r a f f i c  . 
Inc luding  t r a f f i c  forwarded t o  Canada and Mexico 
a r r i v i n g  from o t h e r  f o r e i g n  l o c a t i o n s .  

Excluding 513,329 c a l l s  wi th  Cuba. 

Excluding 556,217 c a l l s  wi th  Cuba, 

C 

e 

Table I1 

INTERNATIONAL COMMUNICATION TRAFFIC 
R.ELATIVE TO 1951 

1951 
1952 
1953 
1954 
1955 
1956 
1957 
1958 

A i r m a i  1 
~~~~ ~ _ _ _ _ _ _ _  

100 
108 
117 
12 1 
124 
14 0 
149 
144 

* F i s c a l  year  f o r  a 
t e l eg raph  and tel 

Telegraph 

100 
98 
99 

102 
107 
114 
116 
112 

Telephone 

100 
103 
114 
123 
13 0 
150 
176 
19 5 

. m a i l ;  ca l enda r  yea r  f o r  
?phone. 
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In Table I for 1957 and 1958 it was noted that telephone traffic 

does not include calls with Cuba. This is contrary to many reports of 

international traffic. The reason f o r  excluding Cuba is that prior to 

1957 Cuban traffic was not reported as international communication. 

Such an abrupt change in the reporting method gives an erroneous im- 

pression of the trend, especially in view of the magnitude of Cuban 

traffic. Cuba has had substantial volumes in the past, and it is not 

clear why it was not reported separately before 1957. Apparently Cuban 

traffic was then classified simply as toll calls and lumped with U . S .  

domestic traffic. 

International communication traffic of the U . S .  is customarily 

divided into three major geographical groups: transatlantic, including 

Europe, Africa, and the Near East; Latin American, including the West 

Indies and Central and South America; and transpacific, which covers 

Asia, Oceania, and Australia. The general traffic trends to each of 

these regions have the same characteristics for each mode of communica- 

tion. Transatlantic traffic typically accounts for about one-half of 

the total load for each mode, but Latin American and transpacific shares 

of traffic vary with the method. 

Telegraph message loads show characteristics similar to surface mail 

in terms of geographical distribution but somewhat different in their 

annual variations. Table I11 presents these loads for calendar years 

1951 to 1958. Again, transatlantic traffic accounts for about 50 percent 

of the total load; Latin American and transpacific traffic customarily 

claims one-third and one-sixth, respectively. 

All show a somewhat uniform upward trend (with the exception of two 

years for transpacific message) and a significant increase in 1956, fol- 

lowed by a drop in 1958. 

Somewhat similar patterns also apply to telephone traffic as shown 

in Table IV. 

As in the previous two modes of communication, the greatest share 

of the load is transatlantic; however, f o r  telephone this traffic accounts 

fo r  only about 33 to 40 percent of the total. The annual load growth € o r  
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Table 111 

INTERNATIONAL TELEGRAPH MESSAGE LOADS BETWEEN THE 
U . S .  AND MAJOR WORLD REGIONS--1951-1958 

(Millions of messages) 

Calendar Year Transatlantic Latin American Transpacific 

1951 9.83 6.08 3.64 
1952 9.84 6.14 3.52 
1953 9.93 6.27 3.37 
1954 
1955 
19 56 
1957 
1958 

10.29 
11.05 
11.75 
11.92 
11.61 

6.54 
6.72 
7.22 
7.60 
7.36 

3.33 
4.00 
3.71 
3.63 
3.43 

Table IV 

INTERNATIONAL TELEPHONE LOADS BETWEEN THE 
U.S. AND MAJOR WORLD REGIONS--1951-1958 

(Number of calls) 

Calendar Year Transatlantic 

1951 323 , 772 
1952 307 , 501 
1953 332,717 
1954 356 , 829 
1955 420 , 738 
1956 524 , 275 
1957 698 , 727 
1958 772 , 493 

Latin American 

251 , 511 
269 , 582 
298 , 381 
341 , 187 
412 , 904 

544 , 034" 
600 , 241 

479 , 743 

Trans pac i f i c 

296 , 009 
343 , 851 
352 , 502 
352 , 876 
354 , 143 
389 , 836 
422 , 094 
498 , 462 

* Excluding Cuba. 

the three regions has similar characteristics throughout most of the time 

period. During 1956 and 1957 there was some increase in the typical rate 

of traffic increase for transatlantic loads, but 1958 witnessed a decrease 

in this rate to a level similar to that of Latin America and the Orient. 

The traffic data shown in Tables 111 and IV do not identically total 
to the traffic shown in Table I. This discrepancy is caused by the fact 

that a small percentage of the total load shown in Table I either cannot 
be identified with respect to its origin and destination or is traffic 
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handled by U.S. c a r r i e r s  t h a t  had n e i t h e r  i t s  o r i g i n  nor  i t s  d e s t i n a t i o n  

i n  t h e  U . S .  A l l  t r a f f i c  loads  shown inc lude  both  t h a t  which o r i g i n a t e d  

i n  and t h a t  which i s  d e s t i n e d  f o r  t h e  U.S. I n  g e n e r a l ,  i t  can be  s a i d  

t h a t  incoming t r a f f i c  i s  equal  t o  outgoing load  f o r  t o t a l  r eg iona l  l oads ,  

a l though t h i s  g e n e r a l i z a t i o n  does not apply t o  t r a f f i c  t o  i n d i v i d u a l  

n a t i o n s ,  

While t h e  growth wi th in  each mode of communication has  somewhat 

similar characterist ics to  a l l  reg ions ,  t h e r e  is cons ide rab ly  less s i m i -  

l z r i t y  amoiig the d i f f e r e n t  modes t o  t h e  same i-egion. Table V i l l u s t r a t e s  

t h e  load  c h a r a c t e r i s t i c s  f o r  i n t e r n a t i o n a l  e lec t r ica l  t r a f f i c  i n  terms of 

i t s  r e l a t i o n s h i p  t o  1951, a r b i t r a r i l y  chosen as t h e  base  year .  

100 

107 

119 

136 

164 

192 

2 13 

240 

Table V 

100 

101 

103 

103 

110 

119 

125 

121 

INDEX OF U.S . INTERNATIONAL TELEGRAPH AND TELEPHONE 
MESSAGE TRAFFIC WITH VARIOUS WORLD AREAS 

1951 = 100 

T r a n s a t l a n t i c  :alendar 
Year ITelephone !Telegraph 

1951 

1952 

1953 

1954 

1955 

1956 

1957 

1958 

100 

94 

101 

108 

130 

160 

2 12 

23 5 

100 

100 

101 

105 

113 

120 

122 

118 

Latin A m e r i c a n  

I'elephone* I Telegraph 

Transpac i f i c  

relephone 

100 

116 

119 

119 

120 

132 

142 

169 

re legraph  
~~ 

100 

97 

93 

92 

96 

102 

100 

94 

* Excluding Cuba. 

I t  is  q u i t e  apparent t ha t  t o  a l l  reg ions  t h e  r a t e  of i n c r e a s e  of 

te lephone  t r a f f i c  i s  s u b s t a n t i a l l y  g r e a t e r  than t h a t  of t e l eg raph .  I n  

f a c t ,  t e l eg raph  t r a f f i c  t o  t h e  P a c i f i c  has remained almost cons t an t .  

Telephone loads  ac ross  the  A t l a n t i c  and t o  La t in  America have grown a t  

approximately t h e  same r a t e ,  w i t h  t h e  number of c a l l s  i n  1958 more than 
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double tha t  of those  i n  1951. Transpac i f i c  t r a f f i c  has had an o v e r - a l l  

lower r a t e  of growth, bu t  t h e  inc reased  r a t e  i n  t h e  p a s t  s e v e r a l  years 

sugges t s  t h a t  i t s  t r end  may i n c r e a s e  t o  t h a t  of t r a n s a t l a n t i c  and L a t i n  

American t r a f f i c  . 
The reasons f o r  s i g n i f i c a n t l y  lower t r e n d s  of t e l eg raph  loads  are 

no t  a l toge the r  c lear .  Overnight a i r m a i l  d e l i v e r y  by r e g u l a r l y  scheduled 

high-speed a i r c r a f t  has been a l l e g e d  t o  be a s e r i o u s  t h r e a t  t o  o t h e r  

record  communication t r a f f i c .  Th i s  argument may have some v a l i d i t y  today, 

and f o r  the p a s t  y e a r  or two--since more and more j e t  a i r c r a f t  s e rve  an 

eve r  i nc reas ing  number of po in t s  wi th  very  f r e q u e n t  f l i gh t s - -bu t  would 

not  appear t o  apply t o  t h e  e a r l y  1950's. Compared t o  today, i n t e r n a t i o n a l  

a i r m a i l  was then i n  i t s  infancy;  f l i g h t s  were in f r equen t  and long and a 

small  number of major world c i t i e s  were served .  

The degree t o  which t r a f f i c  has  been d i v e r t e d  from t e l eg raph  t o  

telephone cannot be s t a t e d .  While telephone growth overwhelmingly exceeds 

te legraph  growth, t h e r e  are  s t i l l  about twenty t e l eg raph  messages f o r  each 

telephone c a l l .  For every  t e l eg raph  message lost, t h e r e  has no t  been one 

more telephone c a l l .  

An a d d i t i o n a l  exp lana t ion  f o r  t he  r e l a t i v e l y  slow rate of growth of 

te legraph  message t r a f f i c  may be t h e  growing p o p u l a r i t y  of l ea sed  channel 

and T e l e x  s e r v i c e .  Telex s e r v i c e ,  in t roduced  i n  1950, accounted f o r  

2 . 7  percent of t h e  t o t a l  t e l eg raph  i n d u s t r y  revenues du r ing  t h a t  yea r .  

The annual average r a t e  of growth of t h e  s e r v i c e  has  s l i g h t l y  exceeded 

50 percent,  so t h a t  i n  1959 the s e r v i c e  provided 14.7 percent  of t h e  in -  

d u s t r y  revenue, In  l i k e  manner, s i n c e  about t h e  end of World War I1 u n t i l  

1959, the revenues from l eased  c i r c u i t s  i nc reased  by about a f a c t o r  of 30. 

Table V I  i n d i c a t e s  t h e  loads  and revenues a r i s i n g  from t h e s e  s e r v i c e s  

s i n c e  1950. 

A determination of t r a f f i c  f low p a t t e r n s  f o r  geographical u n i t s  

smaller than t h e  t h r e e  he re  used w i l l  produce r e s u l t s  w i t h  some degree of 

e r r o r ,  e s p e c i a l l y  f o r  telephone t r a f f i c .  T r a f f i c  i s  r epor t ed  i n  terms of 

the o r i g i n  and t h e  f irst  po in t  of r e c e i p t .  Thus, i f  d i rect  s e r v i c e  i s  

no t  ava i l ab le  t o  a g iven  po in t  b u t ,  i n s t e a d ,  c a l l s  must be t r a n s f e r r e d  t o  
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Table V I  

1958 

1959 

ANNUAL REVENUES AND LOADS 
FROM LEASED TELEGRAPH CIRCUITS AND TELEX 

364 7.79 

567 9.37 

1 Telex T r a f f i c  I Leased C i rcu i t  Revenue 
Year ! 

(Thousands Of (Mi l l i ons  of d o l l a r s )  I connections ) 

1.35 

2.65 I I 
1952 

1953 

1954 

1955 

1956 

1957 

40 

'63 

70 

119 

183 

277 

3.58 

4.45 

5.12 

5.70 

6.41 

7.05 

Leased C i r c u i t  and 
Telex Revenue 

( M i l l i o n s  of do l la rs )  
~~~ - 

1.40 

2.50 

4 .OO 

5.10 

5.90 

6.92 

8.29 

7.88 

11.38 

14.59 

o t h e r  sys t ems  a t  an in t e rmed ia t e  exchange, t h e  c a l l  i s  l i s ted  a s  des t ined  

for the in te rmedia te  exchange r a t h e r  than f o r  t h e  u l t i m a t e  p o i n t .  For 

example, a c a l l  from N e w  York t o  Syria must be switched a t  Rome  from AT&T 

t o  I t a l c a b l e .  However, t h e  c a l l  i s  logged as N e w  York-Rome r a t h e r  than  

N e w  York-Syria. 

Because t h e  i n i t i a l  t e l eg raph  message f i l e d  i s  a permanent record  

and b e a r s  a l l  necessary  address  da t a ,  more accu ra t e  a n a l y s i s  of t e l eg raph  

t r a f f i c  i s  poss ib l e .  Telephone t r a f f i c ,  being of a more t r a n s i t o r y  

n a t u r e ,  i s  no t  a s  amenable t o  e l abora t e  record  maintenance. I n  1958, for 

example, the  FCC repor t ed  telephone t r a f f i c  wi th  64 world p o i n t s  w h i l e  

t e l e g r a p h  messages were l i s t e d  f o r  107. 

These d i f f i c u l t i e s  notwithstanding, a few summary obse rva t ions  of 

the  magnitude of t r a f f i c  flow between the  U.S. and selected f o r e i g n  po in t s  

are  p e r t i n e n t .  Typica l  load d i s t r i b u t i o n s  a r e  shown i n  Table V I 1  f o r  a l l  

n a t i o n s  having 10,000 or more telephone c a l l s  wi th  the U . S .  i n  1958. 

Comparative telephone d a t a  are shown for 1955, a s  w e l l  as t e l eg raph  

message t r a f f i c  f o r  t h e  same na t ions  and years .  
29 



Table VI1 

INTERNATIONAL MESSAGE TRAFFIC FROM THE U.S .--1958a 

(Expressed a s  a percentage of world l o a d s )  

Nation or Region 

T r a n s a t l a n t i c  
Aus t r ia  
Be l g i  um 
Bermuda 
Denmark 
France 
Germany 
I t a l y  
N e t  h e r  lands 
Spain 
Sweden 
Switzerland 
United Kingdom 

La t in  Americad 
Argentina 
Bahamas 
Brazi 1 
Columbia 
Domini can Republic 
Gua t e m  a 1 a 
Jamaica 
Nicaragua 
Panama 
Peru 
Puerto Rico 
Venezuela 

Transpac i f i c  
Aus t r a l i a  
Guam 
Hawaii 
Japan 
Korea 
Qkinawa 
Phi l i p p i n e s  

1958 

Telephone I Telegraph' 

39.7 
0.6 
1.1 
2.2 
0.6 
4.8 
8.0 
1.9 
1.4 
1.0 
1.0 
2.3 
14.3 

32.9 
1.9 
3.5 
1.7 
1.7 
1.3 
0.7 
1.4 
0.6 
1.7 
0.7 
9.4 
2.4 

27.4 
0.8 
0.6 
18.8 
4.2 
0.6 
0.8 
1.2 

52.1 
0.4 
1.8 
0.4 
0.7 
5.0 
5.6 
3.8 
3.2 
1.1 
1.3 
3.2 
15.4 

32.6 
2.5 
0.5 
3.7 
1.5 
0.7 
0.7 
0.5 
0.3 
0.5 
0.9 
2.3 
4.4 

15.2 
1.3 
0.2 
1.8 
4.1 
0.5 
0.2 
1.6 

1955 

Telephone I Telegraph' 

36.6 
0.6b 
0,8b 
2.6 
0,4b 
5.0 
9.1 
1.8 
1,l 
1.2 
0.4b 
2.4 
8.9 

33.2 
2.4 
3.5 
2.3 
2.1 
1.2 
0.9 
1.2 
0.7b 
2.3 
0.9 
9.0 
2.3 

30.2 
1.0 
1.1 

15.1 
8.5 
0.6b 
1.0 
1.3 

51.7 
0.4 
1.9 
0.4 
0.6 
5.4 
5.5 
3.4 
3.5 
1.0 
1.3 
3.1 
16.2 

31.5 
2.4 
0.4 
3.8 
2.2 
0.6 
0.6 
0.4 
0.4 
0.5 
0.9 
1.9 
3.4 

16.0 
1.2 
0.2 
1.8 
4.9 
0.4 
0.2 
1.5 

a Only na t ions  having more than 10,000 messages i n  1958 are inc luded .  

b L e s s  than 10,000 c a l l s  i n  1955. 

C Regional t o t a l s  do not  add t o  100 percen t  because of a small  number 

d Excluding Cuba. 

of u n c l a s s i f i e d  messages. 
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Three European nations--the United Kingdom, Germany, and France-- 

accounted f o r  approximately two-thirds of t h e  t r a n s a t l a n t i c  telephone 

t r a f f i c  and one-half t h e  t r a n s a t l a n t i c  t e l eg raph  t r a f f i c  f o r  both 1955 

and 1958. Genera l ly ,  na t ions  w i t h  heavy te lephone  t r a f f i c  have a co r re -  

sponding volume i n  t e l eg raph ,  except f o r  t h e  Netherlands,  Spa in ,  and 

Bermuda. Both t h e  former have comparatively high t e l eg raph  Loads, whi le  

Bermuda has  an almost ex t r ao rd ina ry  te lephone  load compared wi th  tele- 

graph t r a f f i c .  

L a t i n  American telephone loads ,  except  f o r  t h e  Bahamas and Puer to  

Rico, are r e l a t i v e l y  evenly d i s t r i b u t e d .  (Cuba, a s  p rev ious ly  c i t e d ,  is  

excluded. ) 

each o t h e r  when compared t o  world loads ,  except  f o r  Puer to  Rico and t h e  

Bahamas, which are i n  the  same s i t u a t i o n  a s  Bermuda. 

Telephone and te legraph  loads  have similar r e l a t i o n s h i p s  wi th  

Over one-half of t h e  t r a n s p a c i f i c  telephone t r a f f i c  flows between 

t h e  U . S .  and Hawaii, wi th  Japan a poor second. I t  might be noted  a l s o  

t h a t  t h e  propor t ion  of world t r a f f i c  t o  Japan i n  1958 is less than  one- 

h a l f  t h a t  of 1955. T r a f f i c  dropped from 100,000 c a l l s  i n  1955 t o  79,000 

i n  1958, p r a c t i c a l l y  the only  load  decrease r epor t ed  from any n a t i o n .  

Telegraph message load  d i s t r i b u t i o n  remained e s s e n t i a l l y  cons t an t  between 

the two r e p o r t i n g  per iods .  Here aga in ,  load drop  t o  Japan w a s  almost 

one pe rcen t .  

I n t e r n a t i o n a l  telephone t r a f f i c  i s  r epor t ed  simply as the  number of 

ca l l s .  Information now a v a i l a b l e  does not  i n d i c a t e  t h e  n a t u r e  of these 

c a l l s ,  such as government, p r e s s ,  o r  commercial. Telegraph t r a f f i c  i s  

r e p o r t e d  i n  somewhat more d e t a i l ;  some i n d i c a t i o n  i s  a v a i l a b l e  as t o  t h e  

n a t u r e  of the  t r a f f i c  a s  w e l l  a s  the u s e r s .  Consequently, t he  in f luence  

of t h i s  t r a f f i c  on a s a t e l l i t e  may be e a s i e r  t o  o u t l i n e .  I n t e r n a t i o n a l  

message t r a f f i c  i s  d iv ided  i n t o  f i v e  major c a t e g o r i e s ,  wi th  "Publ ic  

Messages" account ing  for more than 85 percent  of t h e  t o t a l  t e l eg raph  

message load ,  These c a t e g o r i e s  and t h e i r  t y p i c a l  sha re  of t r a f f i c  are 

summarized i n  Table V I I I .  

I t  i s  apparent from Table VI11 t h a t  t h e  bulk of message t r a f f i c  

does n o t  c a r r y  a c r i t i c a l  t i m e  p r i o r i t y .  T h a t  is,  only f u l l - r a t e - u r g e n t ,  

p r e s s ,  and probably Some government t r a f f i c  would be expected t o  r e q u i r e  
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Table VI11 

TYPICAL INTERNATIONAL MESSAGE TRAFFIC LOAD 
DIVISIONS EXPRESSED AS A PERCENTAGE OF TOTAL LOAD 

Public Messages 

Full-rate, urgent 0.4% 

Letter 36 .O 
Greeting 0.7 

Full-rate) ordinary 49.3 

Subtotal 86.4% 

Government messages 2.246 

Press messages 1.9 

Other commuted-rate messages 0.1 

Miscellaneous messages 9.4 

Total 100 .o% 

expeditious handling; these account for about 5 percent of the total 

volume, Most of the remaining load is generally of the type that is 

delayed and transmitted at the discretion of the carrier. This message 

class would place less stringent performance requirements on a satellite 

system than the messages with high priorities. Load factors are more 

under the control of the carrier and many satellite design parameters-- 

such as bandwidth and orbit altitude--could have wide latitude and still 

provide service suitable to demand. 

In addition to the fact that a large number of messages inherently 

do not have critical time requirements) the rate structure quite probably 

contributes to the divergence in loads among the types of traffic pri- 

orities. For example, the rate per word for letter messages i S  50-percent 

less than that for full-rate ordinary messages. Obviously, the former 

attracts a very high volume. Certain government messages also have an 

equivalent discount) and ordinary press messages carry a charge per word 

one-third the full rate. Urgent press messages carry the full commercial 

rate. 
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The on ly  message classes t h a t  have shown a s t eady  decrease  i n  volume 

from 1951 t o  1958 are g r e e t i n g  and o the r  commuted-rate messages. I n  each 

case  t h e  1958 load  i s  about one-fourth of the  1951 load .  A l l  o t h e r  

c l a s s e s  of t r a f f i c  have shown a growth analogous t o  t h e  t o t a l  load i n d i -  

c a t e d  i n  Table I .  

C h a r a c t e r i s t i c s  of i n t e r n a t i o n a l  t e l eg raph  t r a f f i c  can a l s o  be 

demonstrated i n  terms of revenue a r i s i n g  from var ious  c a t e g o r i e s  of 

t r a f f i c .  Th i s  method i s  of i n t e r e s t  because i t  provides an i n d i c a t i o n  
=f +I.- u.LG m ,,,agArA -..;+..-'e buu of iion-iiieasagz loads,  such as metered service and 'i'eiex. 

Typica l  revenues of s e l e c t e d  types of s e r v i c e  f o r  1958 a r e  shown i n  

Table I X  f o r  the  n ine  i n t e r n a t i o n a l  t e l eg raph  companies. I t  should be 

noted t h a t  Table I X  does no t  show t o t a l  company revenue. 

A s  can be expected, t h e  vas t  bulk of the  revenue a r i s e s  from p u b l i c  

message s e r v i c e .  The r a t e s  i n  t h i s  ca tegory  are the  h ighes t  and p u b l i c  

messages account f o r  ove r  90 percent of a l l  message t r a f f i c .  Government 

and p r e s s  messages, a s  a n t i c i p a t e d ,  provide r e l a t i v e l y  small p o r t i o n s  of 

revenue. 

Facs imi le  t ransmiss ion  revenue r e p r e s e n t s  a r e l a t i v e l y  small p o r t i o n  

Revenues have had a somewhat random t r e n d  from 1951 

In  t h a t  per iod  the  h ighes t  revenue year  was 1956 wi th  $343,000. 

of o p e r a t i n g  income. 

t o  1958. 

There was a gradual  r ise from 1951 t o  1956 and then  a decrease  i n  the 

fo l lowing  two yea r s .  

While Table I X  was intended pr imar i ly  t o  show t h e  r e l a t i o n s h i p  among 

va r ious  t e l eg raph  s e r v i c e s ,  i t  a l s o  provides an i n d i c a t i o n  of t h e  r e l a t i o n -  

s h i p  among t h e  c a r r i e r s  and of t h e  c h a r a c t e r  of t h e i r  ope ra t ions .  Some 

companies, p a r t i c u l a r l y  RCA Communications, Inc .  ( R C A ) ,  provide a l l  types  

of s e r v i c e s ,  while o t h e r s ,  such as Tropica l  Radio and U.S.-Liberia, have 

a f a r  narrower range. 

I n t e r n a t i o n a l  t r a f f i c  loads usua l ly  a r e  estimated t o  1980 f o r  tele- 

phone, t e l eg raph ,  and Telex. No  q u a n t i t a t i v e  p r e d i c t i o n s  are made f o r  

t e l e v i s i o n ,  f a c s i m i l e ,  or o t h e r  s e r v i c e s .  Telephone and Telex t r a f f i c  

a r e  e s t ima ted  as undergoing t h e  g r e a t e s t  growth du r ing  t h e  next  twenty 

years  w i t h  t e l eg raph  loads  showing only s l i g h t  annual i n c r e a s e s .  However, 
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because i n  1960 t h e  t e l eg raph  message volume i s  more than  t e n  t i m e s  t h a t  

of e i t h e r  telephone o r  Telex, t h e  t o t a l  volume of t e l eg raph  t r a f f i c  wild 

no t  be exceeded by e i t h e r  of t he  o the r  two u n t i l  a t  least  1975 t o  1980. 

On t h e  o t h e r  hand, because t h e  bandwidth r equ i r ed  f o r  one voice  c i r c u i t  

i s  roughly twenty times t h a t  needed f o r  Telex or t e l e g r a p h ,  t h e  bulk of 

t h e  frequency a l l o c a t i o n  t o  a s a t e l l i t e  system w i l l  be used for telephone 

c i r c u i t s .  

United S t a t e s  i n t e r n a t i o n a l  telephone t r a f f i c  du r ing  t h e  p a s t  twenty 

to thirty years has increased  a t  an aiinuai ra te  of about i8 percen t .  

Ex t r apo la t ion  of t h e  r a t e  t o  1980 r e s u l t s  i n  t r a f f i c  loads  approximating 

100,000,000 ca l l s  pe r  year .  T r a f f i c  p red ic t ed  a t  f i ve -yea r  per iods  on 

t h i s  schedule would be a s  fo l lows:  

1965 7,000 , 000 
1970 20,000,000 

1975 40,000,000 

1980 100,000,000. 

Ex t r apo la t ion  on t h i s  b a s i s  may t e n d  t o  produce somewhat o p t i m i s t i c  re- 

s u l t s ,  e s p e c i a l l y  f o r  s a t e l l i t e  loads. F i r s t ,  t h e s e  p r o j e c t i o n s  inc lude  

a l l  i n t e r n a t i o n a l  t r a f f i c ,  except  t o  Canada and Mexico. H i s t o r i c a l l y  a 

l a r g e  po r t ion  of i n t e r n a t i o n a l  t r a f f i c  t e rmina te s  i n  t h e  Carribean area.  

I t  appears  ques t ionab le  i f  t h i s  area can be served e f f i c i e n t l y  by a satel-  

l i t e  s y s t e m .  Perhaps improved present methods w i l l  be compet i t ive  wi th  

s a t e l l i t e  systems over t h e  s h o r t  d i s t ances  involved. Second, i n  t h e  

s t r a i g h t - l i n e  e x t r a p o l a t i o n  t h e r e  is  an assumption t h a t  t he  p a t t e r n s  of 

telephone usage w i l l  remain e s s e n t i a l l y  t h e  same as i n  t he  p a s t  throughout 

t h e  f u t u r e  t i m e  per iod .  Whether t h i s  w i l l  prove t o  be t h e  c a s e  cannot be 

demonstrated. Perhaps some degree of s a t u r a t i o n  w i l l  e v e n t u a l l y  be 

reached, a s  has  occurred wi th  te legraph .  A t  l e a s t  f o r  t he  t i m e  be ing ,  

t h e s e  loads  could be cha rac t e r i zed  as  t h e  upper l i m i t  of t he  range. 

Considerably more p e s s i m i s t i c  e s t ima tes  of load  growth have been de- 

veloped under t h e  b a s i c  assumptions t h a t  a degree of s a t u r a t i o n  i n  overseas  

t r a f f i c  w i l l  be reached i n  t h e  near f u t u r e  and t h a t  t h e  load growth w i l l  

cont inue  a t  somewhat t he  same ra te  as  intra-U.S. long-distance c a l l s .  

Under t h e s e  cond i t ions  U . S .  i n t e r n a t i o n a l  telephone t r a f f i c  i n  1980 i s  
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es t imated  t o  be i n  t h e  range of 15 t o  20 m i l l i o n  c a l l s  annua l ly ,  about 

one- f i f th  of t h e  maximum range. Th i s  can be  regarded a s  t h e  lower l e v e l  

of estimated load. Other e s t ima ted  telephone t r a f f i c  volumes a v a i l a b l e  

f a l l  between t h e s e  l i m i t s ,  b u t  tend t o  be  c l o s e r  t o  t h e  lower l i m i t .  

The f u t u r e  growth r a t e  of Telex t r a f f i c  i s  es t imated  t o  be somewhat 

less than t h e  approximately 50-percent annual growth i t  has experienced 

s i n c e  i t s  i n t r o d u c t i o n  t e n  y e a r s  ago, Perhaps by 1970 t h e  growth ra te  

may approach telephone growth r a t e  f o r  t h e  same pe r iod .  

Telegraph message t r a f f i c  t r ends  are e s t ima ted  t o  cont inue  a t  about 

t h e  same rate  of growth experienced f o r  t he  p a s t  decade: about 3 percen t .  

Even a t  t h i s  r e l a t i v e l y  low growth r a t e ,  t e l eg raph  t r a f f i c  i s  e s t ima ted  

t o  exceed a l l  o t h e r  t r a f f i c  u n t i l  about 1975-1980. A t  t h a t  t i m e  bo th  

telephone and Telex message volume may f i n a l l y  equal  or exceed t e l eg raph  

t r a f f i c ,  i n  t he  range of 30 t o  35 m i l l i o n  messages annua l ly .  

These load estimates g e n e r a l l y  apply t o  i n t e r n a t i o n a l  t r a f f i c  having 

one terminal i n  the  U.S. 

The two major communication t e rmina l s  of t h e  world a r e  t h e  U.S. and 

Western Europe. More t r a f f i c  flows between these  two a r e a s  than between 

any o the r  te rmina l  p a i r s .  Heavy loads  a l s o  f low from t h e  U . S .  t o  South 

America, Hawaii, and t h e  Fa r  Eas t .  The United Kingdom has  a heavy con- 

c e n t r a t i o n  of c i r c u i t s  l i n k i n g  t h e  Commonwealth. While t h e  t o t a l  message 

flow i s  heavy, t h e  t r a f f i c  over  each s e p a r a t e  c i r c u i t  t o  t h e  numerous but  

s c a t t e r e d  t e rmina l s  i s  r e l a t i v e l y  l i g h t .  C l e a r l y  t hen ,  U.S. s t a t i s t i c a l  

d a t a  of i n t e r n a t i o n a l  t r a f f i c  w i l l  account f o r  a s u b s t a n t i a l  p a r t  of t h e  

t o t a l  world volume. 

Some of t h e  e x i s t i n g  U.S. commercial communications f a c i l i t i e s  a r e  

ind ica t ed  i n  Tables X through X I V  and F i g s .  1-6; a d d i t i o n a l  commercial 

f a c i l i t i e s  a r e  i n d i c a t e d  i n  Refs. 8 t o  22. 
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Table X 

BELL SYSTEM OVERSEAS TELEPHONE SERVICE 

1. 
2 .  
3. 
4. 
5 .  

6 .  
7 .  
8 .  
9 .  

10 .  

11. 
1 2 .  
13. 
14 .  
15 .  

16 .  
17 .  
18. 
19 .  
20. 

21. 
22. 
23. 
24. 
25. 

26. 
27. 
28. 
29. 
30. 

31. 
32. 
33. 
34. 
35. 

36. 
37. 
38. 
39. 
40. 

S e a t t l e ,  Washington 
Oakland, Ca l i fo rn ia  
White P l a i n s ,  New York 
M i a m i ,  F l o r i d a  
Hamilton, Bermuda 

Nassau, Bahama I s l ands  
Havana, Cuba 
Be l i ze ,  B r i t i s h  Honduras 
Guatemala C i t y ,  Guatemala 
San Salvador ,  E l  Salvador 

Tegucigalpa,  Honduras 
Managua, Nicaragua 
San Jose ,  Costa Rica 
Panama, Panama 
Willemstad, CuraTao 

KingStov, Jamaica 
Port-au-Prince,  H a i t i  
Santo Domingo, Dominican Republic 
San Juan, Puerto Rico 
Agana, Guam 

Char lo t t e  A m a l i e ,  Vi rg in  I s lands  
Fort-de-France, Martlnique 
Po in te -a -P i t r e ,  Guadeloupe 
Por t  of Spa in ,  Trinidad 
Bridgetown, Barbados 

Caracas,  VeneaueJa 
George town , B r i t  i s h  Guiana 
Paramaribo, Surinam 
Bogota, Columbia 
Q u i t o ,  Equador 

Lima, Peru 
La Paz,  Bol iv ia  
Rio de Jane i ro ,  Braz i l  
Sant iago  , Chi le  
Montevideo , Uruguay 

Buenos A i r e s ,  Argentina 
Reyk j av i k , Iceland 
Oslo,  Norway 
Stockholm, Sweden 
H e l s i n k i ,  Finland 

41. 
42. 
43. 
44. 
45. 

46. 
47,  
48. 
49. 
50 .  

51. 
52. 
53. 
54 .  
55 * 

56. 
57. 
58. 
59.  
60. 

61. 
62. 
63.  
64.  
65.  

66.  
67 .  
68 .  
69.  
70 .  

71. 
72. 
73. 
74. 
75.  

76. 
77.  
78. 
79. 
80 .  

Copenhagen, Denmark 
Amsterdam, The Netherlands 
Dublin,  I r e l and  
London, England 
Brusse l s ,  Belgium 

Frankfur t !  West Germany 
Warsaw , Poland 
Prague, Czechoslavakia 
Moscow, U .S .S . R .  
Budapest, Hungary 

Linz,  A u s t r i a  
Bern, Switzer land 
P a r i s ,  France 
Lisbon, Portugal  
Madrid , Spain 

Rome, I t a l y  
Belgrade, Yugoslavia 
S o f i a ,  Bulgar ia  
Bucharest ,  Rumania 
Athens, Greece 

Ankara, Turkey 
Cyprus (Nicos ia ,  C a p i t a l )  
B e i r u t ,  Lebanon 
Damascus, S y r i a  
Amman, Jordan 

Tel-Aviv, Israel 
Cai ro ,  Egypt 
Baghdad, I r a q  
Teheran , I ran  
Kuwait  ( A 1  Kuwait, C a p i t a l )  

Bahrain I s l ands  (Manama, C a p i t a l )  
Masqat, Masqat and Oman 
Aden, Aden Colony 
Saudi Arabia ( J i d d a )  
Malta ( V a l l e t t a ,  C a p i t a l )  

T r i p o l i ,  Libya 
Tunis , TunAsia 
Alg ie r s ,  Alger ia  
Ceuta, Morocco 
Goa (Pangim, C a p i t a l )  
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Table X (Cont 'd) 

81. 
82 .  
83. 
84 .  
85. 

86 .  
87 .  
88. 
8 9 .  
90. 

91. 
92. 
93. 
94. 
95. 

96 .  
97 .  
98. 
99 .  

100. 

101. 
102. 
103. 
104. 
105. 

Tangier , Morocco 106. 
Rabat , Morocco 107. 
Madeira I s l a n d s  (Funchal,  C a p i t a l )  108. 
Canary I s l ands  
Verde I s l a n d s  ( P r a i a ,  C a p i t a l )  

Dakar, Senegal 
Bathurs t , Gambia 
Freetown, S i e r r a  Leone 
Accra, Ghana 
Lagos , Niger ia  

Ascension I s l and  
Brazzav i l l e ,  Congo 
Leopoldvi l le ,  Congo 
Luanda, Angola 
S t .  Helena (Jamestown, C a p i t a l )  

Capetown, South A f r i c a  
Johannesburg, South A f r i c a  
Lourenso Marques, Mozambique 
Tananarive , Malagasay 
Nairobi , Kenya 

Addis Ababa, E th iop ia  
Khartoum , Sudan 
Kabul, Afghanis t a n  
Karachi, Pak i s t an  
Bombay, I n d i a  

109. 
110. 

111. 
112. 
113. 
114. 
115. 

116. 
117. 
118. 
119. 
120. 

121. 

122. 
123. 
124. 
125 ,  

126. 
127. 
128. 
129. 
130. 
131. 

Colombo, Ceylon 
Bangkok , Thailand 
Macao , Macao 
Hong Kong ( V i c t o r i a ,  C a p i t a l )  
T a i p e i ,  Formosa 

Shanghai, China 
Seou l ,  South Korea 
Tokyo , Japan 
Manila, P h i l l i p i n e s  
Saigon, Vietnam 

Singapore,  Colony of Singapore 
Bandung, Indonesia 
Hol landia ,  New Guinea 
Rabaul, N e w  Guinea 
P o r t  Moresby, N e w  Guinea 

Solomon I s l a n d s  (Honiara,  
Guadalcanal,  C a p i t a l )  
Suva, V i t a  Levu, F i j i  I s l a n d s  
New Caledonia (Noumea, C a p i t a l )  
Sydney, A u s t r a l i a  
Hobart ,  Tasmania 

Wellington , New Zealand 
Honolulu, H a w a i i  
Fa i rbanks ,  Alaska 
Anchorage, Alaska 
Juneau , A 1  as ka 
Ketchikan, Alaska 
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Table X I  

RCA WORLD-WIDE RADIO TELEGRAPH CIRCUITS 

1. San Franc isco  
2. Montreal 
3. New York 
4. Washington 
5. Hamilton 

6. N e w  Orleans 
7. Havanna 
8. Mexico C i t y  
9. Guatemala C i t y  
10. Port-au-Prince 

11. 
12. 
13. 
14. 
15. 

16. 
17. 
18. 
19. 
20. 

21. 
22. 
23. 
24. 
25. 

26. 
27. 
28. 
29. 
30. 

31. 
32. 
33. 
34. 
35. 
36. 

Santo Doming0 
S an Juan 
Fort-de-France 
CuraSao 
Caracas 

Panama C i t y  
Paramaribo 
Bogota 
Qu i to  
Rio de Jane i ro  

Asuncion 
Sant iago 
Buenos A i r e s  
God thaab 
Reykjavik 

Oslo 
Stockholm 
Hels inki  
Moscow 
Warsaw 

Prague 
Hamburg 
Amsterdam 
Brusse ls  
P a r i s  
Berne 

37. Belgrade 
38. Madrid 
39. Lisbon 
40. Rome 
41. I s t anbu l  

42, Tangiers 
43. Bei ru t  
44. Damascus 
45. Cairo 
46. Baghdad 

47. 
48. 
49. 
50. 
51. 

52. 
53. 
54. 
55. 
56. 

57. 
58. 
59. 
60. 

61. 
62. 
63. 
64. 
65. 
66. 

67. 
68. 
69. 
70. 
71. 
72. 

Teheran 
Dakar 
Monrovia 
Leopoldv i l l e  
Cape town 

Karachi 
Bombay 
Rangoon 
Bangkok 
S aigon 

D j akar t a  
Manila 
Macao 
Hong Kong 

Taipe i  
Shanghai 
Seoul 
Oki naw a 
Tokyo 
Agana 

Sydney 
Noumea 
Wellington 
Honolulu 
Papee t e  
Marac ay 
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1. 
2. 
3. 
4 .  
5. 

6. 
7. 
8. 
9. 
10. 

11. 
12. 
13. 
14. 
15. 

16. 
17. 
18. 
19. 
20. 

21. 
22. 
23. 
24. 
25. 

Table X I 1  

RCA WORLD-WIDE TELEX CIRCUITS 

San Franc isco  
N e w  York 
Washington 
San Juan 
Curaqao 

Bogota 
Rio de  J a n e i r o  
Santos  
Sant iago  
Buenos A i r e s  

He l s ink i  
Stockholm 
Oslo 
Copenhagen 
London 

Dublin 
Amsterdam 
Luxembourg 
Brusse l s  
P a r i s  

F rankfu r t  
Prague 
Warsaw 
Bern 
Monaco 

26. 
27. 
28. 
29. 
30. 

31. 
32. 
33. 
34. 
35. 

36. 
37. 
38. 
39. 
40. 

41. 
42. 
43. 
44. 
45. 

46. 
47. 
48. 
49. 

Madrid 
Lisbon 
Rome 
Budapest 
Belgrade 

S o f i a  
Afhens 
Tunis 
A lg ie r s  
Tangier 

Casablanca 
Dakar 
Leopoldv il l e  
Windhoek 
S a l  i s  bury 

P r e t o r i a  
Karachi 
Tokyo 
Hong Kong 
Manila 

Kuala Lumpur 
Singapore 
Sydney 
Honolulu 

Table X I 1 1  

E A  WORLD-WIDE RADIOTELEPHONE CIRCUITS 

1. San Franc isco  
2. Bern 
3. Seoul 
4. Tokyo 
5. Osaka 
6 .  Shanghai 
7 .  Okinawa 
8 .  Ta ipe i  

9. Hong Kong 
10. Bangkok 
11. Saigon 
12. Agana 
13. Djaka r t a  
14. Sydney 
15. Honolulu 
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Table XIV 

RCA WORLD-WIDE RADIOPHOTO CIRCUITS 

1. San Francisco 
2. New York 
3. Hamilton 
4. Kingston 
5. Bridgetown 

6. Lima 
7. Rio de Jane i ro  
8 .  Bienos A i i - e s  
9. Oslo 
10. Stockholm 

11. 
12. 
13. 
14. 
15. 

16. 
17. 
18 
19. 
20. 

21. 
22. 
23. 
24. 
25. 

Hels inki  
Copenhagen 
Hamburg 
Moscow 
Ber l in  

London 
Brusse ls  
Bonn 
P a r i s  
Bern 

Frankfur t  
Honolulu 
Prague 
Vienna 
Budapest 

26. R o m e  
27. Athens 
28. Cyprus 

29. T e l  Aviv 
30. Amman 
31. Malta 
32. Tunis 
33. Madrid 

34. Lisbon 
35. Tangier 
36. Accra 
37. Leopoldvi l le  
38. Johannesburg 

39. 
40. 
41. 
42. 
43. 

44. 
45. 
46. 
47. 
48. 

49. 
50. 
51. 
52. 
53. 

Cape town 
Por t  E l izabe th  
Durban 
Delhi  
Bombay 

Colombo 
Singapore 
Hong Kong 
Manila 
Ta ipe i  

Shanghai 
Seoul 
Osaka 
Tokyo 
Agana 

54. Sydney 
55. Melbourne 
56. Wellington 
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C .  P o s s i b l e  Record Communication Uses 

Members of t h e  s t a f f  of Stanford Research I n s t i t u t e  v i s i t e d  many of 

t h e  l a r g e  u s e r s  of overseas  communications, s t u d i e d  the i r  ope ra t ions  and 

attempted t o  estimate the i r  needs ( i n  a d d i t i o n  t o  te lephone  and t e l e g r a p h  

service) f o r  t he  communication channels provided by s a t e l l i t e  r e l a y s .  

Many newspapers, news magazines, and o t h e r  p u b l i c a t i o n s  are d i s t r i b u t e d  

i n  overseas  e d i t i o n s .  Among t h e  U . S .  p u b l i s h e r s  w i t h  overseas  e d i t i o n s  

d i s t r i b u t e d  on a r e g u l a r  schedule are:  The New York Times; The N e w  York 

Herald Tribune ( P a r i s  E d i t i o n ) ;  The Readers Digest, wi th  s e v e r a l  f o r e i g n  

language e d i t i o n s ;  T i m e ,  w i t h  s eve ra l  e d i t i o n s ;  and Newsweek. 

A t  p r e sen t  the  means of preparing t h e s e  overseas  and f o r e i g n  language 

e d i t i o n s  v a r i e s .  I n  some cases, the  p u b l i c a t i o n  i s  e d i t e d ,  p r i n t e d ,  and 

d i s t r i b u t e d  i n  f o r e i g n  c o u n t r i e s  by s t a f f s  maintained there f o r  tha t  

purpose.  I n  o t h e r  cases, e d i t i o n s  a re  e d i t e d  and p r i n t e d  he re  and d i s -  

t r i b u t e d  by airmail or p r i n t e d  overseas from mats or copy supp l i ed  by 

t e l e t y p e  or airmail. Considerable savings i n  expense and p u b l i c a t i o n  

t i m e  might be e f f e c t e d  i f  s u b s t a n t i a l  p o r t i o n s  of such e d i t i o n s  were 

t r ansmi t t ed  by t e l e t y p e s e t t i n g  equipment. By t h i s  procedure,  t e l e t y p e  

t apes  t r ansmi t t ed  t o  f o r e i g n  p l a n t s  can be used d i r e c t l y  t o  set  type  f o r  

overseas  e d i t i o n s .  This  method, however, r e q u i r e s  tha t  a large number of 

words be  t r ansmi t t ed  i n  a r e l a t i v e l y  s h o r t  t i m e  a t  r e g u l a r ,  bu t  s e p a r a t e d ,  

i n t e r v a l s .  Such peak loads  are d i f f i c u l t  f o r  e x i s t i n g  communications 

f a c i l i t i e s  t o  handle .  These loads ,  however, probably could be accommodated 

du r ing  t h e  off-peak hours of a high-capacity s a t e l l i t e  system. A system 

designed t o  handle telephone and t e l e t y p e  t r a f f i c  could a l s o  handle  tele- 

t y p e s e t t e r  t r a f f i c  w i t h  no changes, providing only  tha t  peak c a p a c i t y  i s  

s u f f i c i e n t ,  t h a t  off-peak per iods  provide a s u f f i c i e n t  number of c i r c u i t -  

hours a t  s a t i s f a c t o r y  times, and t h a t  t e rmina l s  are,  or can be ,  e s t a b l i s h e d  

t o  s e r v e  such pub l i sh ing  e n t e r p r i s e s .  A s  i n  the  case of TV re layed  ove r  

t he  s a t e l l i t e  du r ing  off-peak hours ,  such t r a f f i c  would be d e s i r a b l e  from 

the  s t andpo in t  of the  system opera tors  t o  keep t h e  sa te l l i t e  loaded w i t h  

t r a f f i c  throughout t he  day.  
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Corporations engaged in world-wide operations have an increasing 

need for transmitting business data to and from their key locations. 

The oil industry is an example. Oil field production must be matched 

to refinery availability, which must be matched to delivery carriers 

such as tankers or pipe lines, which, in turn, must be matched to a 

market. Communication links are vital to such an operation. At least 

one large oil company receives digital data daily from its oil fields, 

refineries, tankers, and markets for processing by a computer which 
relays instructions for optimum handling. 

Other potential large users of data transmission include banking 

and financial organizations, construction firms with large overseas 

commitments, airlines, and shipping companies. 

D. International Relay of TV and Radio Program Material 

One anticipated use of communication satellites is the transmission 

of TV and radio programs fo r  simultaneous broadcast by the existing broad- 

cast facilities within the recipient country, or  the recording of such 

programs f o r  subsequent rebroadcast. The relaying of radio programs is 

similar to transmitting half of a telephone conversation except that a 

slightly increased bandwidth is required for the higher fidelity expected 

of radio programs vs. telephone conversations. Hence the delay and echo 

problem is of no consequence. The relaying of TV programs differs mainly 

in requiring a greatly increased bandwidth f o r  transmission, the delay 

problem likewise being of no consequence. The need for such services is 

then the determining factor. A decision to provide these services 
becomes an economic one rather than a technical one. 

Conversations with several TV network executives indicate that such 

international transmission of TV programs will be limited, during the 

immediate future, to few exceptional events of international importance. 

According to other information, supplied by the Columbia Broadcasting 

System (CBS), there were 147 hours of live TV intended for simultaneous 

broadcast throughout the country during 1961. These programs were sent 

out over the nation-wide TV transmission facilities for broadcast by 
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l o c a l  s t a t i o n s .  Of t h i s  t o t a l ,  131 hours and 54 minutes were devoted 

t o  b a s e b a l l ,  and another  hour and 55 minutes t o  o t h e r  s p o r t s .  A l l  o t h e r  

c a t e g o r i e s  accounted for t he  remainder of 13 hours and 16 minutes f o r  

t h e  y e a r .  These d a t a  are given i n  Appendix I1 and summarized i n  Table XV. 

I t  i s  reasonable t o  assume t h a t  f i g u r e s  of o t h e r  networks would be s imilar  

i n  t h e  t o t a l  amount of such programming, t he  amount of t i m e  f o r  each 

ca t egory ,  and even t h e  a c t u a l  programs themselves.  

Table XV 

SUMMARY OF SIMULTANEOUS EAST AND WEST COAST LIVE 
BROADCASTING OF COLUMBIA BROADCASTING SYSTEM--1961 

Program Category 

Basebal l  

Other s p o r t s  

Washington correspondents 

N e w s  

P r e s i d e n t i a l  coverage 

Space s h o t s  

T ime  
Hours:Minutes 

131:54 

1: 55 

3 :45 

1:30 

1:32 

6:29 

T o t a l  Broadcast Hours 147 : 5 

Seve ra l  conclus ions  might be drawn from t h e s e  d a t a :  i t  would appear 

u n l i k e l y  t h a t  t h e  g r e a t e s t  po r t ion  of t h e s e  programs, p r o f e s s i o n a l  base- 

b a l l  games, would be of i n t e r e s t  t o  t h e  rest of t h e  world even t o  t h e  

e x t e n t  t h a t  they a r e  i n  t h e  U.S. Simi la r ly ,  i t  i s  doubt fu l  i f  f o r e i g n  

s p o r t s  programs would provide a s u b s t a n t i a l  number of hours f o r  viewing 

i n  t h i s  count ry .  Thus, t he  f i g u r e  of about 13 hours per  yea r ,  g ives  a 

good i n d i c a t i o n  of t h e  present  need f o r  i n s t an taneous ,  l i v e  TV t h a t  might 

be s u i t a b l e  f o r  i n t e r n a t i o n a l  viewing. The same number of hours of f o r e i g n  

e v e n t s  might be d e s i r e d  for viewing he re .  These views may be s h o r t s i g h t e d  

i n  t h a t  t h e r e  may a c t u a l l y  be a greater need f o r  i n s t an taneous ,  world-wide 

TV than  t h a t  i n d i c a t e d  by these  f i g u r e s .  However, i t  i s  t h e  p o t e n t i a l  

u s e r s  of such f a c i l i t i e s  who w i l l  bear t h e i r  c o s t .  Better estimates of 

such demand should be obta ined  before b u i l d i n g  such a c a p a b i l i t y  i n t o  any 

commercial s a t e l l i t e  system. 
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E. United Nations Communication Needs 

If international agreement is necessary for the allocation of 

frequencies on either an exclusive o r  controlled shared-use basis, the 

communication needs of other countries may have to be considered in the 

design of a satellite system. If the system itself is under the control 

of an international organization o r  several nations--possibilities that 

have been mentioned in recent months--the communication requirements for 

circuits between other countries of the world will certainly have to be 

included in the design of a system. Consider €or example a system to 

capitals of members of the United Nations, 

Table XVI lists members of the United Nations, the capital of each, 

and the telephone service to each from the U.S. in number of hours per 

day. Where no figure is shown, there is no direct circuit to that 

country from the U.S. and therefore no direct service to United Nations 

Headquarters. Even where service is indicated, that service may be sup- 

plied by relaying through facilities of other countries. For example, 

telephone calls to Afghanistan are relayed through Paris and carried by 

non-U.S. carriers beyond that point, as are calls to the Congo 

(Leopoldville), which are relayed through Brussels, etc.23 

F. Common-Carrier Service Between Other Countries 

Very limited consideration has been given by most investigators to 

other areas of the world, apparently for two reasons. First, few historical 

traffic data can be assembled for areas of the world other than the U.S. 

Either such data are closely held o r  do not exist. Second, the future role 

of U.S. companies in providing communication between other countries of the 

world is not yet clear, particularly insofar as political-economic con- 

ditions are concerned. Therefore, up to this time, attention has been 

directed mainly toward routes where the U.S. companies undoubtedly will 

play an important part: traffic routes that have one terminal in the U.S. 
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Table X V I  

CAPITALS OF MEMBERS OF THE UNITED NATIONS 

Hours of Hours of 
Telephone Telephone 
Se rv ice22  Se rv ice22  

Afghanistan,  Kabul 2 France, P a r i s  Continuous 

Argent ina ,  Buenos Aires 22 Ghana, Accra 8 
Australia, Canberra 18 Greece, Athens Continuous 
A u s t r i a ,  Vienna 15 Guatemala, Guatemala C i t y  15 

Aibani a , Tirane  -- Gabs2 Librex*rj, 1 l p  7 

Belgium, B r u s s e l s  Continuous Guinea, Conakry 1 
B o l i v i a ,  La Paz 5 H a i t i ,  Port-au-Prince 13 
B r a z i l ,  B r a s i l i a  22 Honduras, Tegucigalpa 15 
Bulga r i a ,  S o f i a  15 Hungary, Budapest Continuous 
Burma, Rangoon 3 Iceland, Reykjavik 3 

Bye lo russ i a ,  Minsk 
Cambodia, Phnom Penh 
Cameroon, Yaounde 
Canada, Ottawa 
C e n t r a l  Afr ican  

Republic, Bangui 

Ceylon, Colombo 
Chad, F o r t  Lamy 
C h i l e ,  Sant iago  
China, Ta ipe i  

-- India ,  New Delhi 
1 Indonesia,  Djakar ta  
3 I r an ,  Teheran 

Continuous I r aq ,  Baghdad 
I r e l and ,  Dublin 

I s r a e l ,  Jerusalem 
5 

5 I t a l y ,  Rome 
3 Ivory Coast,  Abidjan 

16 Japan, Tokyo 
12 Jordan, Amman 

13 
4 
6 
3 

Continuous 

8 
Continuous 

10 
Continuous 

6 

Colombia, Bogota 16 Laos, Vient iane  -- 
Congo, Leopoldvi l le  5 L ibe r i a ,  Monrovia -- 
Costa Rica, San Jose  15 Libya, Bengasi 3 

Congo, B r a z z a v i l l e  -- Lebanon, B e i r u t  16 

Cuba, Havana Continuous Luxembourg, Luxembourg Continuous 

Cyprus, Nicos ia  
Czechoslovakia, Prague 
Denmark , Copenhagen 
Dahomey, Porto-Novo 
Dominican Republic, 

Santo Domingo 

Ecuador, Qui  t o  
E l  Sa lvador ,  

San Salvador 
E t h i o p i a ,  Addis Ababa 
Egypt, Cai ro  
F in l and ,  Hels inki  

8 Malagasy, Tananarive 4 
Continuous Mali, Bamako -- 
Continuous Malaya, Kuala Lumpur 3 

2 Mauritania,  Nouakchott -- 

Mongolia), Ulan Bator  -- 
Mongolian Peop le ’ s  

Continuous Republic ( O u t e r  

12 
Mexico, Mexico C i t y  Continuous 

-- Morocco, Rabat Continuous 

11 Netherlands,  Amsterdam Continuous 
2 Nepal Katmandu -- 

Continuous New Zealand, Wellington 8 
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Table XVI (Continued) 

Hours of 
Telephone 
Service2 

Hours of 
Telephone 
Service22 

Nicaragua, Managua 15 Tanganyika, Dar es Salaam 
Niger, Niamey 1 Togo, Lome' 
Nigeria, Lagos -- Thailand, Bangkok 
Norway, Oslo Continuous Tunisia, Tunis 
Pakistan, Rawalpindi 8 Turkey, Ankara 

-- 
14 
11 

Continuous 
6 

Panama Panama 16 

Peru, Lima 13 
Philippines, Quezon City 21 
Poland, Warsaw Continuous 

Portugal, Lisbon 9 
Rumania, Bucharest Continuous 
Saudi Arabia, Riyadh 4 
Senegal, Dakar 10 
Sierra Leone, Freetown -- 

Paraguay , Asuncion 7 
Ukraine, Kiev 
Union of South Africa, 
Cape town 

USSR, Moscow 
United Kingdom, London 
USA, Washington 

Upper Volta, Ouagadougou 
Uruguay, Montevideo 
Venezuela, Caracas 
Yemen, Sana 

4 
Continuous 
Continuous 
Continuous 

1 
14 

Continuous 

Continuous 
-- 

Somalia, Mogadishu Yugoslavia, Belgrade 1 
Spain , Madrid Continuous 
Sudan, Khartoum 2 
Sweden, Stockholm Continuous 
Syria, Damascus 7 

Data concerning the present and expected telephone volume between 

other countries are being assembled and will be included in a supplemental 

report. Such an analysis is necessary if circuits in even a wholly 

American-owned satellite are to be made available to other countries. A 

stationary satellite, for example, serving one-third of the earth must 

have sufficient peak capacity to handle the combined calls of all users 

throughout the day. Such a combined load figure is being obtained by 

apportioning the present use of international telephone facilities by 

country and obtaining minute-by-minute load levels considering the business 

calls during normal working hours in each area plus the non-business calls 

with their appropriate distribution. 

G. Telephone - Circuits Within a Limited Geographical Area - 

The decision to design a communication satellite system to provide 

telephone circuits f o r  a limited geographical area (long-distance trunks 

as opposed to international trunks) cannot be based solely on a comparison 
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of costs of conventional means--microwave relay, cable, etc.--supplying 

only that area. One must compare the excess cost of the satellite system 

capable of providing this service (over one which supplies only inter- 

national circuits) plus a portion of the basic investment cost for the 

entire system vs. the cost of conventional means. 

This tends to make the inclusion of provisions for national service 

in a larger satellite system more attractive than would be the case if a 

system were to be built to serve only that region and a strong contender 

in areas of difficult terrain. The marginal increase in cost of a satel- 

lite supplying 500 channels, any number of which can be requested by both 

national and international users, is not five times the cost of a system 

with 100-channel capacity. Detailed estimates of comparative costs are 

beyond the scope of the research performed under this contract. However, 

it appears simple to design a commercial system that will permit the 

addition of more ground stations in the future if their inclusion is 

economically sound. Hence, their inclusion is largely an economic rather 

than technical problem. Additional estimates of comparative costs would 

be desirable for planners of communication satellite systems. 
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I V  FITTING SATELLITE SYSTEW TO 

A .  General 

From these and o t h e r  e s t ima tes  of 

COMMUNICATION REQUIREMENTS 

world-wide te lephone and t e l e t y p e  

volume i t  appears t h a t  there a r e  now r e l a t i v e l y  few p a i r s  of te rmina ls  

i n  t h e  world t h a t  j u s t i f y  the  i n s t a l l a t i o n  of a s a t e l l i t e  communication 

system on a commercial b a s i s .  I n  f u t u r e  yea r s ,  t h e  demand f o r  c i r c u i t s  

w i l l  probably inc rease  over  t h e  world and a d d i t i o n a l  ground te rmina ls  

w i l l  be necessary.  For immediate needs, t h e  r e l a t i v e l y  less expensive 

random o r b i t  system would probably be ab le  t o  supply the  necessary number 

of c i r c u i t s  on the  few high-densi ty  rou te s .  Severa l  of t h e  d i f f i c u l t  

l i n k s  ( d i f f i c u l t  from the  s tandpoint  tha t  continuous s e r v i c e  between t h e  

p o i n t s  i s  d i f f i c u l t  t o  maintain given the  low t i m e  f o r  mutual v i s i b i l i t y  

of a given sa te l l i t e )  do not  y e t  j u s t i f y  c i r c u i t s .  A s  t r a f f i c  i nc reases  

throughout t h e  world over t he  y e a r s ; , t h e  s y s t e m  might e v o l v e  i n t o  a 

synchronous ( r a t h e r  than random o r b i t )  system or a s t a t i o n a r y  o r b i t  s y s t e m  

i f  the des ign  of the  o r i g i n a l  sys tem inc ludes  t h i s  p o s s i b i l i t y .  I n  t h i s  

even t ,  the  expensive ground antenna i n s t a l l a t i o n s  a t  t he  few o r i g i n a l  

te rmina ls  would have been only p a r t i a l l y  amortized, but  new s t a t i o n s  

would be equipped only with t h e  r e l a t i v e l y  s impler  and less expensive 

antenna s y s t e m s .  I n  the  meanwhile, however, s e r v i c e  would not  have been 

suppl ied  t o  those world c e n t e r s  t h a t  could not  j u s t i f y  a s u f f i c i e n t l y  

l a r g e  volume of t r a f f i c ,  s i n c e  the  high cos t  of ground s t a t i o n s  d i s -  

courages the  ex tens ion  of t he  system t o  add i t iona l  u s e r s .  Current  con- 

c e p t s  f o r  random o r b i t  systems make mul t ip l e  terminal  ope ra t ion  d i f f i c u l t ,  

thereby l i m i t i n g  t h e  p o t e n t i a l  increase  i n  t r a f f i c  t h a t  could be 

generated from r a p i d l y  developing areas .  

I n  a d d i t i o n  t o  communication needs gauged by i n t e r n a t i o n a l  telephone 

and te legraph  use ,  o t h e r  sets of requirements can be generated and, 

t h e r e f o r e ,  o t h e r  sys t ems  advocated. I f  we apply the  p r i n c i p l e s  of pub l i c  

i n t e r e s t ,  convenience, and necess i ty  or t he  p r i n c i p l e  of na t iona l  i n t e r e s t ,  

a d d i t i o n a l  communication needs e x i s t .  For example, i t  might be considered 
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in the national interest to give approval (at the least) or backing 

(in the form of financial incentives) to a satellite communication system 

that could offer service to areas of the world having need for only 

limited communications to other countries, all the United Nation$! 

capitals, for example, and offer that service at low or  nominal cost. 

A system employing satellites moving in random orbits with respect to 

the earth and, consequently, requiring expensive, complex tracking 

antenna installations clearly does not meet this requirement. Some 

synchronous system, preferably a stationary system, fits these require- 

ments better, Equatorial systems--and the stationary satellite system 

in particular--would allow for several stations to use only the required 

number of circuits in a particular satellite at a given moment. Polar 

regions, however, would not be covered at all. The "switchboard in orbit" 

concept, which seems to imply switching mechanism in the satellite itself, 

but which can actually be implemented with no electronic o r  mechanical 

switching in the satellite, would seem to be a desirable solution to the 

constantly changing demand for circuits as peaks in calls are reached 

throughout the world throughout the day. 

B. Record Communications 

Many of the communication requirements outlined in Chap. I11 can be 

accommodated in a multichannel telephone satellite system. The require- 

ments for telegraph, data transmission, and teletype channels can be 

converted to an equivalent number of telephone channels. The ratio of 

bandwidth required for a telephone channel as compared with a telegraph 

channel can be as high as 40:l. However, carrier equipment in use at 

present is designed for only 16 telegraph channels per voice channel 

and sometimes only12 of these are used on long circuits having several 

links. Recent equipment such as the Collins Kheplex is designed for 

40 teletype channels per voice channel, but all of these channels must 

be carried between the same two terminals and signal-to-noise ratios 

must be considerably higher than for 16-channel carrier systems. This 

equipment is not now in commercial common-carrier service. Taking 

16 telegraph channels per voice channel, current traffic can be converted 
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to an equivalent number of voice messages. From Table 111, the 

23.3 million international telegraph messages in 1958 represent about 

1.46 million equivalent telephone calls. This increases the 2.25 million 

international telephone calls to about 3.71 equivalent calls. 

While the delay and echo problem is of no consequence in one-way 

transmissions such as teletype, telegraph, etc., other technical charac- 

teristics of the various systems affect such transmissions in other ways. 

The difference in path length at hand-over from one satellite to another 

may cause errors in high-speed transmissions. A difference in path 

length of 1,000 miles means a difference in transmission time of about 

5 millisecond. This difference might result in the loss of, or  addition 

of, pulses o r  in loss of synchronism. 

C .  North Atlantic and High-Density Routes 

If only the present high-density traffic routes are to be served 

by a satellite system, then the situation is that described at the 

beginning of this chapter: the traffic across the Atlantic, between the 

Eastern U . S .  and England, and over a few other links around the world 

can probably be supplied by a random orbit system such as that proposed 

by AT&T. Although this system can supply the required number of channels 

for these immediate needs, the questions of cost relative to that of a 

synchronous system and the ability of this system to meet expanding world 

communication needs must still be considered. 

Without reliable and detailed cost estimates, it would be difficult 

to say whether even this limited-service satellite system is less expensive 

than a synchronous system o r  a stationary one. It is entirely possible 

that compared to even this case of a limited number of ground terminals 

and a multiplicity of satellites a stationary satellite system will 

prove less expensive. 

The greatest shortcoming of the random polar (o r  near polar) orbit 

system is that the time of mutual visibility of a given satellite from 

two terminals decreases as the separation of the terminals increases, 

particularly on north-south links. Hence the capability of this system 
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f o r  serving f u t u r e  a d d i t i o n a l  needs i s  l i m i t e d .  Other l i m i t a t i o n s  o f  

random o r b i t  systems are d iscussed  i n  fo l lowing  s e c t i o n s  devoted t o  

add i t iona l  communication requirements.  Many of t h e s e  l i m i t a t i o n s  are 

v a l i d  even i f  only p r e s e n t  high-density r o u t e s  are t o  be  se rved .  

D .  New Serv ices  

1. TV Re lay  

For  t h i s  s e r v i c e ,  use may be made of whatever sa te l l i t e  system is  

func t ioning  a t  t h e  time; and i t  w i l l  n o t  g r e a t l y  a f f e c t  t h e  des ign  of 

such systems, except  tha t  t h e  capac i ty  of t h e  s y s t e m  must be  s u f f i c i e n t  

t o  accommodate t h e  l a r g e  bandwidth requirements of TV and provide  a t  t h e  

same time the requi red  number of te lephone  c i r c u i t s .  I f  p r o v i s i o n  f o r  

one TV channel i s  t o  be inc luded ,  t o  be a v a i l a b l e  on demand a t  any t i m e ,  

the  bandwidth of the  system must be inc reased  by about 5 Mc over t h a t  

d i c t a t e d  by i t s  peak telephone t r a f f i c  l oad ;  5 Mc r e p r e s e n t s  about 

1700 telephone c i r c u i t s .  More l i k e l y ,  most TV programs would be t r ans -  

mi t t ed  during off-peak pe r iods  (of telephone u s e )  and, t h e r e f o r e ,  be 

more d e s i r a b l e  from t h e  s t andpo in t  of t h e  company or agency o p e r a t i n g  

the  satel l i te  system, s ince  t o t a l  s y s t e m  use  would i n c r e a s e  without t h e  

requirement f o r  i nc reas ing  t h e  capac i ty  t o  handle h ighe r  peak l o a d s .  

The ques t ion  of need f o r  such i n t e r n a t i o n a l  TV programming and the re- 

s u l t i n g  problems of language and t i m e  d i f f e r e n c e s  are t r e a t e d  a t  g r e a t e r  

l e n g t h  i n  Research Memorandum 5. '  

2.  Direct Broadcast 

a. Standard AM 

Broadcast t o  the earth from a s a t e l l i - e  on f r equenc ie s  between 

550 t o  1600 kc is  n o t  p o s s i b l e  du r ing  t h e  day because of abso rp t ion  i n  

t he  D region and a t  n i g h t  because o f  the t o t a l  r e f l e c t i o n  from the  

F, l a y e r ,  

b.  Standard FM 

Broadcast from a sa te l l i t e  on f r equenc ie s  nea r  100 M c  is  

p o s s i b l e  w i t h  reasonable amounts of t r a n s m i t t e r  power, Ca lcu la t ions  
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have been performed for the case of a stationary satellite broadcasting 

an FM signal toward the earth. These calculations assume that ground 

receiving equipment will be similar to that now in service for the re- 

ception of conventional FM broadcasting. This places limits on ground 

antenna gain, receiver noise figure, and lead-in line loss. Calculations 

have been performed for receiving equipment likely to be in service over 

a period of years. It should be recognized that assumptions for required 

signal-to-noise ratio and fading factor are arbitrary and allow for a 

wide diverger?ce in resulting estimates of power reqi-!ired Applying the  

beacon equation: 

where, in db, 

Pt = transmitted power above 1 watt 

G = free-space attenuation between isotropic antennas 

At = transmitting-antenna gain 

A, = receiving-antenna gain 

K = improvement factor depending on modulation 

S/N = desired signal-to-noise ratio 

F = fading factor 

N = noise figure of receiver 

B = line loss 

Pr = theoretical receiver sensitivity above 1 watt. 

Calculation for G: G = 35.5 + log,, D + 20 log,, (fmc) 

where 

D = distance (miles 

= operating frequency, taken as 100 Mc. Mc 

D, for a stationary satellite, depends on the location of the ground 
receiver and varies between 22,300 miles for the satellite directly 

overhead to 26,000 miles for a ground station having an antenna elevation 

angle of zero degree. 

order of 5 degrees, in which case the distance will be somewhat less 

than 26,000 miles . )  

(The minimum usable elevation angle may be of the 
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thus  

G = 35.5 + 20 log,, (26,000) + 20 log,, (108) 

= 35.5 + 88.39 + 40.67 
= 165.66 db.  

Ca lcu la t ion  f o r  A t :  

I f  t h e  v i s i b l e  e a r t h  is to  be i l l umina ted ,  t he  coverage of the 

t ransmi t t ing  antenna can be l imi t ed  t o  a s o l i d  angle  of 17 degrees 

between half-power p o i n t s ,  t h e  a r c  subtended a t  a d i s t a n c e  of 22,300 miles. 

A t  then is 21 db. This ga in  i s  a t t a i n a b l e  from a parabola  about 45 f e e t  

i n  diameter (assuming an antenna e f f i c i e n c y  of 0.6). An antenna of t h i s  

s i z e  would have t o  be e rec t ed  i n  o r b i t  and s t a b i l i z e d  t o  wi th in  a few 

degrees .  

Ca lcu la t ion  f o r  A r t  

I t  i s  assumed t h a t  antennas bought and i n s t a l l e d  by ind iv idua l  

r ece ive r  owners w i l l  have a ga in  of 10 db.  Th i s  means t h a t  simple 

folded dipoles  now i n  wide use w i l l  not be s a t i s f a c t o r y .  

Ca lcu la t ion  f o r  K: 

The modulation improvement f a c t o r  f o r  FM is 15 db. 

Ca lcu la t ion  f o r  S/N: 

I t  i s  assumed t h a t  20 db is  requi red  f o r  s a t i s f a c t o r y  FM 

recept ion.  

Ca lcu la t ion  f o r  F: 

A fad ing  f a c t o r  of 5 db i s  assumed. 

Ca lcu la t ion  f o r  N: 

A r ece ive r  no i se  f i g u r e  of 15 db has been s e l e c t e d  on t h e  

assumption t h a t  e x i s t i n g  FM rece ive r s  and those  s o l d  i n  the  near  f u t u r e  

w i l l  no t  be ab le  t o  maintain lower no i se  f i g u r e s  over  extended per iods  

Of t i m e  without r e g u l a r  alignment , p e r i o d i c  replacement of tubes , e t c  . 2 4  
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Calcu la t ion  f o r  B: 

Average l i n e  loss f o r  a 30-foot l e n g t h  of new t r ansmiss ion  

l i n e  i s  0.3 d b .  This l i n e  l o s s  increases  w i t h  t h e  age of t h e  l i n e .  

Ca lcu la t ion  for Pr:  

Theore t i ca l  s e n s i t i v i t y  of a receiver i s  -144 db below 

1 watt/Mc. For an FM s i g n a l  having 75-kc d e v i a t i o n ,  

Pr = 155 dbw. 

Thus 

P t  = 165.66 - 21 - 10 - 15 + 20 + 5 + 15 + 3 - 155 

= 4.96 dbw or about 3 . 2  watts p e r  FM channel 

I t  i s  no t  unreasonable t o  expec t  s a t e l l i t e  t r a n s m i t t e r  powers 

on t h e  o r d e r  of 5 watts w i th in  t h e  next s e v e r a l  years. Two or three 

FM channe l s ,  each 75-kc wide would s t i l l  r e q u i r e  only  10 and 15 wa t t s ,  

r e s p e c t i v e l y .  By p l ac ing  a g r e a t e r  burden on t h e  set  owner, i n  t h e  form 

of r e q u i r i n g  r e c e i v e r s  w i t h  b e t t e r  no ise  f i g u r e  and h igher -ga in  an tennas ,  

t h e  s a t e l l i t e  t r a n s m i t t e r  power could be reduced accord ingly .  A r educ t ion  

i n  d e v i a t i o n  t o  50 kc would e f f e c t  a s av ing  of 2 db ,  r e q u i r i n g  about 

2 watts rather than 3.2 wat t s .  Additional cons ide ra t ion  of FM broadcas t  

i s  conta ined  i n  an SRI Research Memorandum.4 

c .  Tv 

I n  a d d i t i o n  t o  t h e  questions o f  programming d i scussed  i n  

- 

r e l a t i o n  t o  r e l a y i n g  TV (Chap. 111), a d d i t i o n a l  t e c h n i c a l  cons ide ra t ions  

become important f o r  the  case of d i r e c t  b roadcas t .  The power r equ i r ed  

f o r  d i r e c t  b roadcas t  t o  home TV r ece ive r s  i s  cons iderably  g r e a t e r  than  

t h a t  r equ i r ed  f o r  r e l a y i n g  t h e  same material between ground t e rmina l s  

i n  each count ry  or area,  

t o  home r e c e i v e r s  i n  an area t h e  s i z e  of Brazil  or Argentina,  f o r  example, 

i s  on the o r d e r  of s co res  of k i lowa t t s ,  f a r  i n  excess  of the 1 or 2 w a t t s  

r equ i r ed  f o r  r e l a y i n g  t h e  same programs between te rmina l  s t a t i o n s  ( f o r  

subsequent broadcas t  by the  na t iona l  TV network i n  such an a rea) .  

o v e r ,  the  problems of language and t i m e  d i f f e r e n c e s  (which may be compen- 

s a t e d  f o r  by record ing  of programs f o r  delayed b roadcas t ,  and the 

The required power f o r  d i r e c t  TV t r ansmiss ion  

More- 
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inc lus ion  of mul t ip l e  sound channels )  cannot be e l imina ted  i n  t h e  case  

of d i r e c t  broadcast  of t hese  same programs. 

E .  Service Between t h e  U . S .  and Many Other Countr ies  and Between 
United Nations Members’and Headquarters 

If one or both of t hese  requirements are imposed on a s a t e l l i t e  

communication s y s t e m ,  t echn ica l  and economic l i m i t a t i o n s  of a random 

o r b i t  s y s t e m  mil i ta te  aga ins t  i t  i n  favor  of a synchronous o r ,  p re fe rab ly ,  

s t a t i o n a r y  s y s t e m .  While a random po la r  o r b i t  system might provide 

acceptable  s e r v i c e  t o  a l i m i t e d  number of ground s t a t i o n s  i n  favorable  

geographic l o c a t i o n s ,  i t  becomes d i f f i c u l t  t o  s e r v e  many p a i r s  of ground 

terminals  a t  the same t i m e ,  and impossible  t o  s e r v e  some p a i r s  a t  a l l .  

Random o r b i t  sys t ems  a r e ,  l i k e  cab le  networks, point- to-point  systems 

and s u f f e r  t he  same l i m i t a t i o n s .  A s e p a r a t e  l i n k  must be provided f o r  

each terminal with which communication i s  d e s i r e d .  I f  one set of ground 

equipment is se rv ing  the  N e w  York t o  London r o u t e ,  d u p l i c a t e  sets-- 

t r ack ing  antennas,  t r a n s m i t t e r ,  r e c e i v e r s ,  etc.--must be suppl ied  f o r  

each addi t iona l  d i r e c t  l i n k  d e s i r e d .  I f  a l a r g e  number of c i r c u i t s  are 

t o  terminate  i n  N e w  York, f o r  example, tha t  same number of terminal  

equipments w i l l  be requi red .  I f  each s a t e l l i t e  is  designed f o r  the 

maximum t r a f f i c  load t o  be imposed by any p a i r  of t e rmina l s ,  t h i s  means 

t h a t  t h i s  a v a i l a b l e  capac i ty  w i l l  go unused when t h e  s a t e l l i t e  i s  used 

t o  r e l a y  between p a i r s  of te rmina ls  r equ i r ing  fewer c i r c u i t s .  This 

lowered use  f a c t o r  p l aces  such a system a t  an economic disadvantage com- 

pared wi th  a s y s t e m  t h a t  is used t o  capac i ty ,  s i n c e  the  peak capac i ty  of 

each s a t e l l i t e  determines t o  a l a r g e  e x t e n t  t h e  complexity,  weight and 

r e l i a b i l i t y  of t h e  package as w e l l  as imposes g r e a t e r  launch v e h i c l e  

requirements.  I n  the  case  of c i r c u i t s  from many d i f f e r e n t  d i s t a n t  

terminals  terminat ing a t  one p l ace  ( e . g . ,  N e w  York, Headquarters of 

the United Na t ions ) ,  the  problem of f i n d i n g  a sa te l l i t e  v i s i b l e  a t  t h a t  

terminal--and to  each of t he  d i s t a n t  te rmina ls - - i s  i n t e n s i f i e d .  The 

number of s a t e l l i t e s  requi red  f o r  un in te r rupted  coverage between New York 

and London (on t h e  o rde r  of 30) would probably be i n s u f f i c i e n t  t o  r e l a y  

l a r g e  numbers of c i r c u i t s  a l s o  te rmina t ing  a t  those  l o c a t i o n s  from o t h e r  
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c o u n t r i e s .  This  impl ies  a g r e a t e r  number of sa te l l i t es ,  aga in  p u t t i n g  

t h i s  system a t  an economic disadvantage.  

F .  L i m i t e d  Area S e r v i c e  

A sa te l l i t e  system t h a t  must serve a l i m i t e d  geographica l  a rea- - for  

example, a system designed t o  supplement or r ep lace  long-d is tance  c i r c u i t s  

w i th in  the  U . S .  i s  s imilar ,  i n  one regard a t  least ,  t o  a sys t em 

t h a t  t e rmina te s  a g r e a t  many l i n k s  a t  one te rmina l :  I f  a random o r b i t  

s y s t e m  i s  employed, the  number of satellites that m u s t  be placed i n  o r b i t  

t o  i n s u r e  un in te r rup ted  s e r v i c e  f o r  a l l  l i n k s  i n c r e a s e s  over  t h e  number 

r equ i r ed  i f  the  geographical dens i ty  of t e rmina l s  i s  low. A large number 

of t e rmina l s  would be competing f o r  the  use  of t h e  same s a t e l l i t e s  a t  

t h e  same t i m e  i n  t h e  same area. While t h e  c o s t ,  weight ,  and complexity 

of a s t a t i o n a r y  sa te l l i t e  would inc rease  i f  t h i s  g r e a t e r  load  due t o  

n a t i o n a l  t r a f f i c  were imposed on i t ,  the  t o t a l  i n c r e a s e  would be less 

than  the i n c r e a s e  t o  a random o r b i t  system because of t he  i n h e r e n t l y  

h ighe r  use  f a c t o r  t h a t  s t a t i o n a r y  s a t e l l i t e s  o f f e r .  Moreover, w i t h  an  

i n c r e a s i n g  number of t e rmina l s  i n  a given area, t he  problems of coord ina t ion  

and assignment of random o r b i t  s a t e l l i t e s  t o  s p e c i f i c  l i n k s  would become 

i n t e n s i f i e d .  

G .  S e r v i c e s  Between Other Countries 

If  c o u n t r i e s  o t h e r  than  those  having l a r g e  volumes of t r a f f i c  are 

t o  be se rved ,  a s t a t i o n a r y  s a t e l l i t e  i s  i n d i c a t e d .  I n  the ma jo r i ty  of 

cases, such requirements f o r  communications between other c o u n t r i e s  w i l l  

be f o r  a few number of c i r c u i t s  a t  i r r e g u l a r  and widely spaced i n t e r v a l s ,  

compared w i t h  t h e  requirements o f  l a r g e r  c e n t e r s  such as New York and 

London. To permanently a l l o c a t e  s a t e l l i t e s  t o  such minimal l i n k s  and 

then  have only a p o r t i o n  of t h e i r  capac i ty  u t i l i z e d  i s  i n h e r e n t l y  in- 

e f f i c i e n t .  Here too ,  the  capac i ty  of a l l  s a t e l l i t e s  must be s u f f i c i e n t  

t o  accommodate t he  t r a f f i c  of t he  l a r g e s t  p a i r  of t e rmina l s .  As t h e  

number of t e rmina l s  i n c r e a s e s ,  the cos t  of these t e rmina l s  becomes an  

apprec i ab le  p o r t i o n  of the  t o t a l  cos t .  For a s y s t e m  designed to  s e r v e  

many t e r m i n a l s ,  some of which may have requirements f o r  a s n a l l  number 
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of channels,  i t  would appear e f f i c i e n t  t o  place a g r e a t e r  p o r t i o n  of 

the c o s t  i n  a r e l a t i v e l y  fewer number of sa te l l i tes  and launch v e h i c l e s  

so tha t  te rmina ls  can be added inexpens ive ly ,  T h i s  approach is more 

a t t ract ive t o  many smaller u s e r s  whose ground te rmina l  cost would then  

be commensurate w i t h  the  small volume of t r a f f i c  t o  be added t o  the  

s y s t e m  by each, I t  i s  a l s o  a t t rac t ive  t o  the  s y s t e m  o p e r a t o r  s i n c e  

marginal users could be added eas i ly ,  thereby  inc reas ing  the  average 

t r a f f i c  load t o  peak des ign  load  r a t i o .  
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V TIME DELAY AND ECHO SUPPRESSION 

A .  General 

The presence of time delay and the associated echo in stationary 

In satellite systems has been the subject of many papers.1,2p6,25,31 

this chapter the systems implications of delay and echo will be discussed 

and various tests that have been conducted at the Institute to determine 

their effect on users will be described. 

The geometry of both a stationary and a 7,000-mile-altitude system 

is shown in Fig. 7. The maximum distance between stations on the earth 

that can use the same satellite is surprisingly similar f o r  both systems: 

10,000 miles for the stationary system vs. 9,000 miles for the 7,000-mile- 

altitude system. However the transmission distance is approximately 

52,000 miles for the stationary system (26,000 miles for each leg) and 

19,700 miles for the lower-altitude satellite (9,850 miles for each leg). 

This implies one-way delays of 280 msec vs. 106 msec (560 msec vs. 212 msec 

round trip). 

CCITT maximum of 150 msec for international circuits, but the one-way 

delay of the stationary system exceeds it. 

The one-hop delay of the lower-altitude system is within the 

In the case of terminals separated by more than 9,000 miles and less 

than 12,000 miles (semicircumference of the earth), two hops would be 

required for a 7,000-mile-altitude system. In these cases, the total 

one-way delay would be 212 msec which is greater than allowable. 

Table XVII.) However, in all cases shown in the table, there are other 

cities on the same land mass that are less than 9,000 miles apart. This 

means that one satellite hop plus the use of existing or conventional 

facilities would supply service without the need f o r  two-hop satellite 

circuits and their attendant excessive delay. Moreover, not all of the 

pairs shown would have need to communicate with each other in the near 

future. 

(See 

73 



rn w 
-I 

t 
- 

-22,300 MILE, ALTITUDE 

N 

-7,000 MILE ALTITUDE 

I 

NOTEsSO MINIMUM ELEVATION ANGLE 
IN BOTH CASES 

FIG. 7 SATELLITE SYSTEM GEOMETRY, 

74 



Although t h e  de l ay  i s  g r e a t e r  than a l lowable ,  i t  i s  n o t  g r e a t e r  

than  t h e  t o l e r a b l e  de l ay  f o r  an i n t e r n a t i o n a l  ca l l  when d e l a y s  of t h e  

c i r c u i t s  w i t h i n  each country are added. These maximums are 50 msec 

wi th in  each country r e s u l t i n g  i n  a t o t a l  of 250 msec f o r  t he  e n t i r e  

c i r c u i t ,  I n  many cases the  t o t a l  delay wi th in  each count ry  w i l l  no t  be 
11 used up, keeping the  t o t a l  de l ay  below t h e  maximum. I t  i s  only  t h e  

cases i n  which t h e  t o t a l  de l ay  a c t u a l l y  exceeds 250 msec t h a t  must be 

cons idered  f u r t h e r .  

*I 

EXAMPLES OF POPULATION CENTERS SEPARATED BY MORE THAN 9,000 MILES 
AND LESS THAN 12,000 MILES 

Capetown-San Franc isco  

Capetown-Honolulu 

Santiago-New D e l h i  

Santiago- Manila 

S a n t  i ago-Bangkok 

Santiago- Rangoon 

S a n t  iago-D j aka r  t a 

Melbourne-Copenhagen 

Melbourne-New York 

Melbourne-Paris 

Melbourne-London 

N e w  York-Djakarta 

N e w  York-Auckland 

To i n v e s t i g a t e  t h e  psychological e f f e c t s  of t i m e  de l ays  on people 

t a l k i n g  over  two-way telephone c i r c u i t s ,  t h e  Communication Group a t  

S tan fo rd  Research I n s t i t u t e  cons t ruc ted  a sa te l l i t e  r e l a y  s imula to r  w i t h  

one-way t i m e  de l ays  ranging from 0 . 4  t o  1 .0  sec, and conducted a number 

of s u b j e c t i v e  ope ra t iona l  tests i i t h  people both aware and unaware of 

t h e  t i m e  de l ay  t h a t  w a s  in t roduced  i n t o  the  c i r c u i t .  The s i m u l a t o r  

appa ra tus  used f o r  the  tests is  described and test  r e s u l t s  d i scussed .  
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B .  Simulator Apparatus 

A block diagram of t he  vo ice  de l ay  sys t em used i n  t h e  experiment 

i s  shown i n  F i g ,  8 .  A Viking Model-85 dual-channel tape-handling deck 

wi th  sepa ra t e  record  and playback heads was used t o  produce t h e  t i m e  

d e l a y .  The maximum record-playback head spacing o b t a i n a b l e  w i t h  t h e  

s tandard  head mounting p l a t e  on t h e  Viking deck is 1 . 5  i n . .  A t  a t ape  

speed of 3-3/4 i n . p e r  sec, the r e s u l t i n g  de lay  between record  and play- 

back w i t h  that  head spac ing  i s  0.4 sec pe r  channel .  A t  7-1/2 i n . p e r  sec, 

t h e  delay is 0 . 2  sec p e r  channel.  One t a p e  channel was used f o r  each  

d i r e c t i o n  of s i g n a l  f low,  f o r  a number of tests. The p lay  head was then  

remounted f a r t h e r  away from t h e  record  head t o  provide one-way de lays  of 

0.5 or 1.0 sec, depending upon whether t h e  t a p e  speed was set t o  3-3/4 or  

7-1/2 i n n p e r  sec. A number of tests were made us ing  t h e  longe r  d e l a y s .  

Two Viking Model-RA-72 record  ampl i f e r s  and two l a b o r a t o r y  con- 

s t r u c t e d  playback a m p l i f i e r s  were used i n  conjunct ion  w i t h  t h e  t a p e  deck 

f o r  recording and playback of t h e  vo ice  s i g n a l s .  Microphone-to-grid 

transformers and b a t t e r i e s  were used wi th  t h e  carbon microphone elements 

of t h e  two telephone handse ts  t o  gene ra t e  t h e  vo ice  s i g n a l s  app l i ed  t o  

t h e  record a m p l i f i e r s .  

While t h i s  sys t em opera ted  very  w e l l  i n  t h e  l a b o r a t o r y ,  i t s  use fu lness  

was l imi ted  by the  r e s t r i c t i o n  t h a t  on ly  two f i x e d  handse ts  could be used 

f o r  t e s t i n g .  To allow connection of the vo ice  de l ay  appa ra tus  t o  t h e  

telephone system so t h a t  tests could b e  conducted between t h e  l a b o r a t o r y  

and any ou t s ide  te lephone ,  a hybr id  u n i t  was incorpora ted  i n t o  the  system 

as shown i n  F i g .  9 .  The hybrid u n i t  conve r t s  t he  s t anda rd  two-wire tele- 

phone c i r c u i t  i n t o  a r e c e i v i n g  and sending c i r c u i t ,  independent of each 

o t h e r .  The hybrid arrangement was used f o r  most of t h e  tests. 

C .  T e s t  Procedure 

The s u b j e c t s  who p a r t i c i p a t e d  i n  t h e  tests c o n s i s t e d  p r i m a r i l y  of 

t echn ica l  personnel a t  S R I .  Technical people tend  to  re ta in  a c e r t a i n  

amount of o b j e c t i v i t y  i n  tests of t h i s  kind and t h i s  tendency w a s  deemed 

u s e f u l  i n  making a comprehensive e v a l u a t i o n  of t h e  time-delay effects .  
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A smaller number of people ,  both t e c h n i c a l  and non techn ica l ,  o u t s i d e  t h e  

I n s t i t u t e  were a l s o  used as test s u b j e c t s .  

Tests were conducted f o r  t h e  most p a r t  on a systematic b a s i s  u s i n g  

a prepared l i s t  of ques t ions  f o r  conve r sa t ion  and d i s c u s s i o n ,  and answer 

s h e e t s  to  record  r e s u l t s ,  Some of t h e  s u b j e c t s  were n o t i f i e d  i n  advance 

t h a t  they would be c a l l e d  t o  h e l p  e v a l u a t e  a s imula ted  communication 

c i r c u i t ,  bu t  no mention w a s  made of t h e  t i m e  de l ay  i n  t h e  c i r c u i t .  Others  

had p r i o r  knowledge of t h e  time-delay experiment.  The remainder of t h e  

s u b j e c t s  knew noth ing  of t h e  experiment u n t i l  they were c a l l e d .  

The f i r s t  series o f  tests was conducted us ing  a de lay  of 0 . 4  sec i n  

each d i r e c t i o n .  Fo r ty  people were c a l l e d  and ques t ioned  about t h e  

c i r c u i t .  Following these tests f i v e  people  were c a l l e d  us ing  a one-way 

d e l a y  of 0 .5  sec.  I t  became apparent t h a t  t h i s  small i n c r e a s e  i n  de l ay  

was causing l i t t l e  or no change i n  t h e  r e s u l t s ,  and the one-way d e l a y  

was increased t o  1 .0  sec. Twenty people were c a l l e d  w i t h  t h i s  d e l a y .  

Some ques t ions  were asked the t e s t  s u b j e c t s  merely t o  induce 

conversa t ion .  Table X V I I I  l i s ts  t h e  ques t ions  p e r t i n e n t  t o  t h e  purpose 

of t h e  experiments t o g e t h e r  w i t h  the  percentage  of Y e s  and N o  answers 

f o r  t h e  th ree  de l ay  t i m e s  used i n  the  tests. A f t e r  Ques t ion  5 t h e  

s u b j e c t  was t o l d  of t h e  t i m e  de lay  i f  he had n o t  a l ready  d e t e c t e d  i t .  

I n  add i t ion  t o  t h e  Y e s  and N o  answers, a number of i n t e r e s t i n g  

comments were o f f e r e d  by the  va r ious  s u b j e c t s .  The most f r equen t  of 

these were: 

(1) 

( 2 )  

(3) 

( 4 )  

(5) 

(6) 

"NOW t h a t  you mention i t ,  I d i d  n o t i c e  t h e  de l ay  i n  your answers." 

"I a t t r i b u t e d  the  de lay  t o  you. 
c i r c u i  t . 
"The t i m e  de l ay  g ives  you a chance t o  ponder--time t o  th ink . "  

"The de lay  causes  no t r o u b l e  once you a d j u s t  t o  i t ." 

"The de lay  w a s  n o t  as bad as t h e  deg rada t ion  by the  echo 
suppressors  on t r a n s c o n t i n e n t a l  and t r a n s a t l a n t i c  c i r c u i t s .  

"The e f f e c t  on conve r sa t ion  depends upon how f a s t  you are 
t a l k i n g .  

I wouldn't  have suspec ted  the  

I 1  

11 

I t  i s  i n t e r e s t i n g  t o  no te  t h a t  even w i t h  t h e  1.0-sec de lay  t h e  c i r c u i t  

was never suspec ted  as being t h e  cause  of t h e  d e l a y .  



Table XVIII 

DELAY TEST RESULTS 

Question 

1. Does this telephone circuit 
sound normal to you? 

2 .  Have you had difficulty in 
carrying on this conversation? 

3. Did you notice anything 
peculiar. about the circuit? 

4. Did you notice a delay in 
my replies? 

5 .  Could you detect a time delay 
in the circuit? 

6. Did the delay degrade the use- 
fulness of the circuit? 

One-way Time Delay 

1 second - 
No 
3 - 
100 

92 

83 

33 

100 

92 - 

- 
Yes 

4'0 - 
0 

8 

17 

67 

0 

8 - 

0.5 second 

No 
% 
a__ 

100 

100 

100 

80 

100 

100 

Yes 
% - 

0 

0 

0 

20 

0 

0 

0.4 second 

No 
% 

LOO 

100 

100 

90 

100 

100 

Yes 
8 - 
0 

0 

0 

10 

0 

0 

D. Conclusions Concerning Delay 

Although the tests described above were limited in scope, they were 

sufficiently comprehensive to permit some valid conclusions. Chief among 

these is the conclusion that time delays of the order of those expected 

from a stationary satellite are not likely to cause a significant re- 

duction in the usefulness of a two-way telephone circuit, especially 

after the users have accustomed themselves to the time delay. In some 

instances the time delay seemed to facilitate effective communication by 

providing additional time for the users to formulate their continuing 

remarks for the conversation. With an increase in the delay to more than 

double that expected in an actual satellite relay system, the circuit 

utility was always at least tolerable, and in many cases entirely 

satisfactory. 
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A s  might be expected, t h e  c i r c u i t  de l ay  becomes most apparent  when 

one speaker i n t e r r u p t s  t h e  o t h e r  du r ing  t h e  course  o f  a conve r sa t ion .  

The d i f f i c u l t y  i s  t h a t  t h e  speaker h e a r s  t h e  i n t e r r u p t i o n  a t  a p o i n t  

i n  the conversa t ion  l a t e r  than  t h e  p o i n t  where t h e  l i s t e n e r  i n t e r r u p t e d .  

T h i s  became q u i t e  d i s c o n c e r t i n g  when t h e  1.0-sec one-way de lay  w a s  i n  

t h e  c i r c u i t .  However, w i t h  t h e  de lay  expected i n  an a c t u a l  system t h e r e  

i s  no reason t o  b e l i e v e  tha t  t h e  manner of making i n t e r r u p t i o n s  i n  a 

conversa t ion  cannot be modified by t h e  u s e r s  of such a c i r c u i t  t o  

e l imina te  t h i s  d i f f i c u l t y .  

E .  Echo E f f e c t s  

A problem which arises w i t h  the a d d i t i o n  of a hybrid u n i t  i s  t h e  

genera t ion  of an  echo i n  t h e  e a r p i e c e  of t h e  l a b o r a t o r y  handse t  when i t s  

microphone i s  spoken i n t o .  This echo is  a r e s u l t  of imperfec t  ba lance  

i n  t h e  h y b r i d  which causes some f r a c t i o n a l  p a r t  of the  inpu t  s i g n a l  t o  

appear a t  the r e t u r n  s i g n a l  ou tput  and thus  be re layed  back t o  t he  ear- 

phone. Normally such echoes are n o t  p a r t i c u l a r l y  o b t r u s i v e  t o  t h e  

l i s t e n e r  when encountered on s tandard  telephone c i r c u i t s  because of the  

small delay involved. But i n  t h i s  case such echoes are heard from 0.8 

t o  2.0 sec a f t e r  t h e  microphone i s  spoken i n t o ,  and t h e y  may, i f  of 

s u f f i c i e n t  amplitude, s e r i o u s l y  a f f e c t  a pe r son ' s  a b i l i t y  t o  speak c l e a r l y .  

The hybrid u n i t  used i n  t h e  test appa ra tus  suppressed t h e  echo t o  

approximately 30 db below the normal t a l k i n g  l e v e l  depending upon t h e  

l e n g t h  of the e x t e r n a l  l i n e  connected t o  t h e  hybr id .  I n  g e n e r a l ,  t h e  

longe r  the e x t e r n a l  l i n e ,  the g r e a t e r  t h e  d i f f i c u l t y  i n  matching impedances 

i n  t h e  h y b r i d ,  and consequently,  t h e  less the  amount of suppress ion  o f  

the echo. Even w i t h  30 db of suppress ion  t h e  echo i s  s t i l l  q u i t e  no t ice-  

able.  Since i n  the  test  se t -up  an echo w a s  produced only  i n  t h e  l a b o r a t o r y  

handset earphone and no t  i n  the te lephone  used by the  s u b j e c t s  being t e s t e d ,  

t he  person conducting t h e  tests could accustom himself t o  t h e  echo s u f f i -  

c i e n t l y  so t h a t  i t  was not  a s e r i o u s  problem i n  t h e  t e s t i n g  of de l ay  

e f f e c t s .  

I n  an a c t u a l  r e l a y  c i r c u i t ,  where a t  least two hybr ids  would be used, 

echoes would be heard a t  both  ends of t he  c i r c u i t .  I n  t h i s  case the echo 
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should be suppressed a t  l eas t  40 db below t h e  normal s i g n a l  l e v e l ,  and 

even more would be d e s i r a b l e .  Because the  suppress ion  of echoes i s  an  

engineer ing  problem, and because the t ransmiss ion  t i m e  de l ays  cannot be 

e l imina ted ,  t h i s  w a s  a primary concern i n  t h e  t e s t i n g  program. 

Cross-country telephone c i rcui ts  of AT&T and o t h e r  l ong  t r ansmiss ion  

l i n e s  such as t h e  t r a n s a t l a n t i c  cable use  echo suppressors  which provide  

an a r t i f i c i a l  t e rmina t ion  switched i n  and o u t  by a vo ice  opera ted  r e l a y .  

Such a dev ice  i s  r equ i r ed  by any t y p e  of sa te l l i t e  r e l a y .  The p a r t i c u l a r  

type  of echo suppressor  used by AT&T can be used on sateii i- te r e i a y  l i n k s ;  

however, occas iona l  b r i e f  l o s s  o f  speech can occur ,  p a r t i c u l a r l y  i f  two 

or more such dev ices  are used i n  s e r i e s .  Also,  i n t e r r u p t i o n  of a remote 

speaker i s  d i f f i c u l t  s i n c e  t h e  voice ope ra t ed  r e l a y s  recognize t h e  l o u d e s t  

ta lker .  Because o f  t h e  l i m i t a t i o n s  of these echo suppres so r s ,  new techniques  

f o r  echo suppress ion  have been inves t iga t ed  by t h e  B e l l  Telephone Laboratory,  

t h e  General Telephone and Elec t ronics  Labora to r i e s  (GT&E), and S tan fo rd  

Research I n s t i t u t e .  

A series of echo suppressors  designed s p e c i f i c a l l y  f o r  a 24-hour 

The most s a t e l l i t e  r e l a y  have been constructed by t h e  s t a f f  of GT&E. 

advanced model employs a l o g i c  c i r c u i t  tha t  permi ts  speech i n t e r r u p t i o n ;  

an echo occurs  only du r ing  t h e  dura t ion  of t h e  i n t e r r u p t i o n .  During t h i s  

per iod  both speakers  hear each o the r  and each o t h e r ' s  echoes.  The 

e x i s t e n c e  of echo i s  v i r t u a l l y  unnoticeable due t o  i ts  reduced l e v e l  and 

the presence  of t h e  vo ice  of t h e  o ther  speaker .  I n i t i a l  tests have shown 

very  encouraging r e s u l t s .  However, t h e  d e t a i l e d  t e s t i n g  of echo suppressors  

i s  a complex task r e q u i r i n g  the examination of performance w i t h  many 

d i f f e r e n t  speakers  and w i t h  varying l i n e  cond i t ions .  Fu r the r  tests are 

s t i l l  necessary t o  determine conclus ive ly  whether de l ays  i n  excess  of 

CCITT maximums can be t o l e r a t e d .  These tests should inc lude :  measurements 

of echo suppressors  i n  tandem; the  u s e  of more test  s u b j e c t s  from the 

gene ra l  popula t ion  who w i l l  use i n t e r n a t i o n a l  telephone f a c i l i t i e s ,  rather 

than t h e  group of t e c h n i c a l l y  s o p h i s t i c a t e d  s u b j e c t s  who p a r t i c i p a t e d  i n  

prev ious  tests;  and tests i n  languages o t h e r  than  Engl i sh  t o  i n s u r e  t h a t  

non-English-speaking u s e r s  r e a c t  t o  these e f f e c t s  s i m i l a r l y .  
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V I  LIMITATIONS ON TRANSMISSION BANDWIDTH DUE TO ATMOSPHERE 

The bandwidth l i m i t a t i o n  or  band pass  of t h e  ionosphere has been 

s t u d i e d  by V .  R.  Eshleman of Stanford U n i v e r s i t y , 3 2  r e s u l t i n g  i n  estimates 

on t h e  upper l i m i t  of s i g n a l  bandwidths t h a t  might be used f o r  s a t e l l i t e  

r e l a y s  (see F ig .  1 0 ) .  Fac to r s  c o n t r o l l i n g  t h e  bandwidth are d i s p e r s i o n  

and t i m e  and space v a r i a t i o n s  of e l e c t r o n  con ten t .  

Faraday r o t a t i o n  of p o l a r i z a t i o n  (expressed as space  a n g l e )  and 

d i s p e r s i o n  (expressed as a t i m e  angle)  are t h e  two most important l i m i t i n g  

f e a t u r e s  of t h e  ionosphere t o  UHF and microwave s i g n a l s .  Useful equat ions  

are : 

where : 

'space 

' t i m e  

C 

re 
f 

f L  

f m 
N 

ds 

- - c r e /  5 N d s  
' t i m e  f 3  

i s  t h e  r a d i a t i o n  r o t a t i o n  of the  d i r e c t i o n  of p o l a r i z a t i o n  
of a l i n e a r l y  polar ized  wave  

i s  t h e  r a d i a t i o n  increase  i n  l ead  of a c a r r i e r  frequency 
r e l a t i v e  t o  t h e  phase of t h e  sum of two e q u a l l y  spaced 
sidebands 

i s  3 x lo8 m/sec 

i s  the c l a s s i c a l  e l e c t r o n  radium 2.8178 x 

is  the  ope ra t ing  frequency 

i s  t h e  l o n g i t u d i n a l  gyrofrequency 

i s  t h e  modulating frequency 

is  the  number of e lec t rons /cubic  meter 

i s  t h e  d i f f e r e n t i a l  one-way pa th  l e n g t h .  

Equations (1) and ( 2 )  are v e r y  accu ra t e  f o r  f r equenc ie s  w e l l  above 

t h e  ionospher ic  gyro and c r i t i c a l  frequencies and thus  apply t o  p r a c t i c a l  

s a t e l l i t e  r e l a y  problems. Equation (1) sugges ts  t h e  use  of p o l a r i z a t i o n  

d i v e r s i t y  t o  recover  s i g n a l s ,  e s p e c i a l l y  f o r  f r equenc ie s  below 10 kMc. 
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Equation (1) a l s o  sugges t s  t ha t ,  except f o r  bandwidths approaching one- 

t e n t h  t h e  ope ra t ing  frequency, t h e  p o l a r i z a t i o n  r o t a t i o n  v a r i a t i o n s  a c r o s s  

t h e  bandwidth are no t  s e r i o u s .  

The d i s p e r s i o n  i n  Eq. ( 2 )  i s  considered from t h e  p o i n t  of view of a 

carr ier  w i t h  equa l ly  spaced modulating f r equenc ie s  or from the  view of 

t h r e e  f r equenc ie s  equa l ly  spaced. T h i s  is done t o  s impl i fy  t h e  formu- 

l a t i o n  of the problem and t o  provide f o r  a simple measurement v e r i f i c a t i o n  

technique .  

Pa th  s p l i t t i n g  a l s o  w i l l  a f f e c t  t he  r e l a t i v e  phases i n  a modulated 

wave.  Equation (2) g ives  only p a r t  of t h e  phase d i s t o r t i o n  p i c t u r e .  For 

a more d e t a i l e d  cons ide ra t ion  of t h e  phase p a t h s ,  i t  can be shown t h a t  

Eq. ( 2 )  w i l l  be c o r r e c t  w i th in  a f a c t o r  of two i f  

where: 

SN d s  i s  the  i n t e g r a t e d  dens i ty  along t h e  pa th  followed 
by t h e  carr ier  wave 

by one of the  sidebands.  
.,f N' d s '  is the  i n t e g r a t e d  dens i ty  along t h e  pa th  followed 

On the  b a s i s  of c u r r e n t  knowledge of t h e  e l e c t r o n  d e n s i t y  p r o f i l e s  

and estimates on pa th  s p l i t t i n g ,  Eshleman has  computed estimates of t h e  

bandwidth l i m i t a t i o n s  of t h e  ionosphere. F igure  10 i l l u s t r a t e s  t h e  

r e s u l t s  of these computations. I t  should be recognized t h e  estimates 

can be i n  e r r o r  by a f a c t o r  of perhaps 10. Also p o l a r  phenomena and 

low antenna po in t ing  angles  w i l l  cause bandwidths below those  presented .  

The experimental  v e r i f i c a t i o n  of bandwidth l i m i t a t i o n s  is  r equ i r ed  a t  an 

e a r l y  date.  
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VI I CONCLUS I ONS 

From the standpoint of suitability for the communication needs of 

many business and population centers around the world, some of which may 

have need for only a small number of circuits, it seems clear that a 
StatioIiaiiy sjiatem is b e a t ,  m- A L ~ C  caac -..-e . .+r , , IL  .i +I. ... w l l r b . l  Li "h 2 statimxiry 

satellite system can meet the changing need for channels between world 

centers throughout the day is not matched by a random orbit system. The 

investment in ground terminal equipment is significantly less than that 

required f o r  systems in which satellites must be tracked by large antennas. 

For stationary satellites only one antenna system is required at each 

ground terminal. Moreover, there is no bookkeeping problem of determining 

the time and orbit of next pass, requiring significantly large computation 

for moving satellites in employing a stationary system. Antenna simpli- 

fication carries with it many other subsidiary benefits; in many cases, 

inexpensive and simple reflectors could be constructed by the use of 

natural o r  man-made depressions in the earth, lined with reflecting 

materials; terminals could be relocated or  installed as necessitated by 

changing communication requirements with a much smaller penalty than in 

the case of systems requiring heavy tracking antennas, which must be 

surveyed and installed with great accuracy. The problems of hand-over, 

doppler shift, and coordination (deciding which of several satellites 

in view at the same time should be used by one pair of stations and not 

used by another pair, a problem when moving satellites are used) would 

not be present if a stationary satellite system were employed. 

It is our opinion that the major portion of the research and 

development effort to be devoted to satellites for communication should 

be concentrated toward the goal of building, launching, and operating 

a stationary satellite system. While much useful information may result 

from projects and investigations devoted to lower-altitude systems, it 

is felt that the primary benefits that result will be the building of a 

fund of information that can be applied to the development of a commercial 

stationary satellite system. 
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A dec is ion  maker i s  presented  w i t h  two a l t e r n a t i v e s :  t h a t  of an 

ine l egan t  system s c a r c e l y  capable  of s a t i s f y i n g  world-wide communication 

needs during i t s  l i f e t i m e  of f i v e  yea r s  or so, but whose i n s t a l l a t i o n  

can begin soon, v s .  t ha t  of one capable  df s a t i s f y i n g  f u t u r e  as w e l l  as 

p r e s e n t  needs, whose ope ra t ion  i s  uncomplicated and s t r a i g h t f o r w a r d ,  

although it  r equ i r e s  the  overcoming of formidable but s u r e l y  surmountable 

o b s t a c l e s ,  and which w i l l  be ready f o r  o p e r a t i o n a l ,  commercial use a t  

about the same t i m e ,  H e  should no t  se t t le  f o r  t he  s y s t e m  whose obso- 

l e scence  i s  i n  s i g h t  even before  i t s  i n s t a l l a t i o n  has  begun. I t  should 

be emphasized t h a t  t h e  recommendation of a s t a t i o n a r y  s a t e l l i t e  s y s t e m  

is  f o r  the o p e r a t i n g ,  commercial system. T e s t s ,  experiments,  and s t u d i e s  

of o t h e r  t y p e s  of s a t e l l i t e s  are  s t i l l  necessary  and d e s i r a b l e ,  however. 

Continued t e s t i n g  of a l l  types  of s a t e l l i t e s  i n  d i f f e r e n t  o r b i t s  w i l l  

no t  on ly  provide information t h a t  can be  app l i ed  t o  the  des ign  of a 

s t a t i o n a r y  s y s t e m ,  but may reveal cond i t ions  or problems tha t  would 

n e c e s s i t a t e  t h e  modi f ica t ion  of concepts now he ld  concerning the  employ- 

ment of a s t a t i o n a r y  s y s t e m .  Although t h e  eventua l  s y s t e m  parameters 

may be qu i t e  d i f f e r e n t  from those  of t h e  "Telestar" (AT&T), "Relay" ( R C A ) ,  

"Echo II" (NASA), and even Syncom" (Hughes) sa te l l i t es ,  experiments such 

as these w i l l  undoubtedly supply va luab le  informat ion  p e r t i n e n t  t o  t he  

des ign  of an ope ra t iona l  s y s t e m .  For t h i s  reason ,  i t  is hoped t h a t  both 

governmental agencies  and p r i v a t e  companies w i l l  cont inue  their suppor t  

of such t e s t s  and experimental  programs. 

11 

'\ 

\ 

I f  a s a t e l l i t e  s y s t e m  must share f r equenc ie s  wi th  terrestr ia l  

s e r v i c e s ,  i n t e r f e r e n c e  t o  s a t e l l i t e  t e rmina l s  from ground s t a t i o n s  w i l l  

be more of a problem w i t h  a random o r b i t  s y s t e m  than  w i t h  a s t a t i o n a r y  

s y s t e m .  A l l  azimuths around a s a t e l l i t e  te rmina l  must be p ro tec t ed  by 

t e r r a i n  or  d i s t a n c e  from ground s e r v i c e s .  I n  t h e  case of a system 

supplying s e v e r a l  hundred channels ,  a band of many dozens of megacycles 

(depending on the  modulation employed) must be so p r o t e c t e d .  

s y s t e m  would u t i l i z e  a l a r g e r  p o r t i o n  of the  spectrum, but  s i n c e  antennas 

are f ixed  i n  e l e v a t i o n  and azimuth on t h e  ground, and can be p ro tec t ed  

by te r ra in  f e a t u r e s  t o  a much g r e a t e r  e x t e n t  than  those  of a random 

o r b i t  sys t em,  i n t e r f e r e n c e  from ground s e r v i c e  can be  expected t o  be 

\ 
1 

A s t a t i o n a r y  
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s i g n i f i c a n t l y  l e s s .  I n t e r f e r e n c e  t o  ground services by t ransmiss ions  

from the  s a t e l l i t e  ground terminal  w i l l  probably be less f o r  t h e  

s t a t i o n a r y  s y s t e m ;  i n t e r f e r e n c e  from sa te l l i t e  t r a n s m i t t e r s  t o  ground 

s e r v i c e s  w i l l  be n e g l i g i b l e  i n  e i t h e r  s y s t e m .  The echo suppress ion  and 

d e l a y  problems do not  appear t o  be s i g n i f i c a n t  hindrances t o  t h e  employ- 

ment of a s t a t i o n a r y  s y s t e m ,  on the b a s i s  of tests conducted so f a r .  

I 
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Appendix I 

SATELLITES REMAINING AS A FUNCTION OF TIME 

If s a t e l l i t e s  having a given mean t i m e  t o  f a i l u r e  and a cons t an t  

f a i l u r e  ra te  over  t h e  l i f e t i m e  of t h e  s y s t e m  are launched a t  a uniform 

r a t e ,  t h e  average number s t i l l  func t ion ing  a t  any t i m e ,  i s  g iven  

where 

MTF i s  mean t i m e  t o  f a i l u r e  i n  months 

i i s  t h e  number of launches p e r  month. 

Table A - I  g ives  N ( t )  f o r  s a t e l l i t e s  having two-year mean t i m e  t o  f a i l u r e  

and a launch r a t e  of one per  month. N o t e  t h a t  although one s a t e l l i t e  i s  

launched each month, t h e  number ope ra t ing  does no t  i n c r e a s e  by one each 

month. S p e c i f i c a l l y ,  a t  about two years, the number of o p e r a t i n g  s a t e l -  

l i t e s  i s  i n c r e a s i n g  a t  a r a t e  of l e s s  than  a ha l f  of a s a t e l l i t e  per  month. 

I t  can  be shown t h a t  t h e  l i m i t  of t h i s  paocess i s  a number less than 

t h i r t y ,  A-1  r e p r e s e n t s  a geometric progress ion  whose sum i s  given by ( A - 2 )  

where 

a i s  t h e  f i r s t  term 

r i s  the  r a t i o  between terms 

n i s  the  number of terms. 

Applying t h i s  r e l a t i o n s h i p  t o  ( A - 1 )  : 
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In  t h e  l i m i t ,  

1 - - Lim S 

t-oo -( l / M T F )  1 - E  

If 30 opera t ing  satel l i tes  are des i red :  

(A-4  ) 

M T F  = 29.1 

which shows t h a t  t h e  minimum mean t i m e  t o  f a i l u r e  must be 29 months. 

If t h e  mean t i m e  t o  f a i l u r e  i s  taken  as 60 months ( f i v e  y e a r s ) ,  and 

s a t e l l i t e s  are launched at t h e  same one-per-month r a t e ,  Table  A - I 1  gives 

t h e  number o p e r a t i n g  a t  any t i m e .  Note t h a t  i t  t akes  42 months t o  p l ace  

an average of 30 working s a t e l l i t e s  i n  o r b i t .  
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Table A-1 

SATELLITES REMAINING AS A FUNCTION OF TIME 
(M"F = 24 Months) 

i (Months) 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

u t  
E 

1.043 

1.087 

1.133 

1 .I84 

1.231 

1.284 

1.339 

1.396 

1.455 

1.517 

1.581 

1.65 

1.72 

1.79 

1.87 

1.93 

2.03 

2.12 

2.21 

2.30 

2.40 

2.50 

2.61 

2 .718 

2.84 

2.96 

3.08 

3.22 

3.36 

3.49 

-ut  
E 

0.958 

0.9198 

0.883 

0.8446 

0.812 

0.7788 

0.7468 

0.716 

0.687 

0.659 

0.632 

0.606 

0.581 

0.559 

0.535 

0.518 

0.493 

0.471 

0.453 

0.435 

0.416 

0.400 

0.384 

0.368 

0.352 

0.338 

0.324 

0.310 

0.298 

0.286 

95 

1.04 

2.13 

3.26 

4.45 

5.68 

6.96 

8.30 

9.70 

11.15 

12.67 

14.25 

15.90 

17.62 

19.41 

21.28 

23.21 

25.24 

27.36 

29.57 

31.87 

34.27 

36.77 

39.38 

42.10 

44.94 

47.90 

50.98 

54.20 

57.56 

61.05 

1 .o 
2 .o 
2.8 

3.8 

4.8 

5.4 

6.2 

6.9 

7.6 

8.3 

9 .o 
9.6 

10.2 

10.8 

11.3 

12 .o 
12.4 

12.9 

13.4 

13.9 

14.3 

14.7 

15.1 

15.5 

15.8 

16.2 

16.5 

16.8 

17.1 

17.5 



Table A-11 

SATELLITES REMAINING AS A FUNCTION OF TIME 
(MTF = 60 Months) 

i (Months) 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

ut 
E 

1.0169 

1.0305 

1.0514 

1.069 

1.087 

1 .lo5 

1.124 

1.143 

1.162 

1.184 

1.201 

1.222 

1.242 

1.262 

1.284 

1.306 

1.328 

1.35 

1.372 

1.395 

1.42 

1.442 

1.466 

1.491 

1.516 

1.543 

1.569 

1.594 

1.62 

-ut 
€ 

0.985 

0.97 

0.953 

0.937 

0.92 

0.905 

0.89 

0.875 

0.861 

0.845 

0.832 

0.818 

0.806 

0.792 

0.779 

0.766 

0.754 

0.741 

0.729 

0.717 

0.705 

0.694 

0.684 

0.670 

0.660 

0.648 

0.638 

0.627 

0.617 

96 

c EUi 
~ 

1.02 

2.05 

3.10 

4.17 

5.26 

6.36 

7.48 

8.62 

9.78 

10.96 

12.16 

13.38 

14.62 

15.88 

17.16 

18.47 

19.80 

21.15 

22.52 

23.91 

25.33 

26.77 

28.24 

29.73 

31.25 

32.79 

34.36 

35.95 

37.57 

N 1 .oo 
1.99 

2.96 

3.9 

4.8 

5.8 

6.6 

7.5 

8.4 

9.26 

10.1 

10.9 

11.8 

12.6 

13.4 

14.2 

14.9 

15.7 

16.4 

17.1 

17.9 

18.6 

19.3 

19.9 

20.6 

21.2 

21.9 

22.5 

23.2 



i (Months) 
~ 

30 

31 

32 

33 

34 

35 

36 

37 

38 

39 

40 

41 

42 

43 

44 

45 

46 

47 

48 

Table A-I1 (Cont 'd )  

u t  
E 

1.648 

1.675 

1.705 
1 714 

1.76 

1.793 

1.82 

1.85 

1.88 

1.92 

1.95 

1.98 

2.01 

2.05 

2.08 

2.12 

2.15 

2.19 

2.23 

A.." 

- u t  E 
~ 

0.607 

0.597 

0.587 

0.5?? 

0.568 

0.558 

0.549 

0.541 

0.532 

0.521 

0.513 

0.505 

0.497 

0.488 

0.48 

0.472 

0.465 

0.456 

0.448 

c EUi 
39.22 

40.89 

42.59 

44.32 

46.08 

47.87 

49.69 

51.54 

53.42 

55.34 

57.29 

59.27 

61.28 

63.33 

65.41 

67.53 

69.68 

71.87 

74.10 

23.8 

24.4 

25 .O 

25.6 

26.2 

26.7 

27.3 

27.9 

28.4 

28.8 

29.4 

29.9 

30.4 

30.9 

31.4 

31.9 

32.4 

32.8 

33.2 
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Appendix I1 

SIMULTANEOUS EAST-WEST COAST LIVE TV BROADCASTING 
OF THE COLUMBIA BROADCASTING SYSTEM 1961 

1-1-61 

1-19-61 

4-9-61 

4-9-61 

4-15-61 

4- 16-61 

4- 23-6 1 

4-29-61 

4-30-61 

5-5-61 

5-5-61 

5-5-61 

5-5-61 

5-5-61 

5-5-61 

5-6-61 

5-7-61 

5-8-61 

5-8-61 

5-8-61 

5-13-61 

5- 14-6 1 

5-20-61 

5-21-61 

5-27-61 

' I Program T i t l e  

Orange Bowl Regatta 

S p e c i a l  IZeport OI? Xexicpn Plane C r a s h  

Greatest S p o r t s  T h r i l l s  

Barrel Number One I ( F i l l  r ep lac ing  Master's Gol f )  

Barrel Number One 

Basebal l  

Basebal l  

Basebal l  

Basebal l  

S p e c i a l  Report (Astronaut Launch) 

Launch 

Report on Procedure 

P r e s s  Conference 

Tapes before  launch 

P res iden t  Kennedy's Arr iva l  

Basebal l  

Basebal l  

Cmdr . Shepherd's A r r i v a l  
a t  Capi to l  Bui ld ing  

a t  Bahamas 

I n  Supe r io r  Court  Chambers 

As t ronau t ' s  P res s  Conference 

Basebal l  

Basebal l  

Basebal l  

Basebal l  

Basebal l  

10 1 

Time 

1:OO - 2:OO p.m. 

11:15 - llr30 p : m  

4:34 - 5:03 p.m. 

5:04 5:30 p.m. 

2:25 - 5:40 p.m. 

1:55 - 5:04 p.m. 

1:55 - 4:49 p.m. 

1:55 - 4:17 p.m. 

1:55 - 4:26 p.m. 

8:15 - 8:29 a . m .  

10:22 - 11:28 a . m  

11:48 - 11:58 a . m  

12:45 - 1:28 p.m. 

1:47 - 2:16 p.m. 

5:30 - 5:40 p.m. 

1:55 - 5:OO p.m. 

1:55 - 5:32 p.m. 

11:40 - 12:Ol p.m 

12:05 - 12:13 p.m 

1:00 - 1:59 p.m. 

1:55 - 4:53 p.m. 

1:55 - 5:37 p.m. 

1:55 - 4:43 p.m. 

1:55 - 4:31 p.m. 

2:25 - 5:09 p.m. 

ilrutes 

60 

15 

29 

26 

195 

189 

l.74 

142 

151 

14 

66 

10 

43 

29 

10 

185 

217 

21 

8 

59 

178 

222 

168 

156 

164 



Appendix I1 (Cont'd) 

Date 

5-28-61 

5- 31-6 1 

6-3-61 

6-4-61 

6-10-61 

6-11-61 

6-17-61 

6~18-61 

6-24-61 

6-25-61 

7-1-61 

7-2-61 

7-8-61 

7-9-61 

7-15-61 

7-16-61 

7-19-61 

7-21-61 

7- 22-6 1 

7-23-61 

7-25-61 

7-29-61 

7-30-61 

8-5-61 

8-6-61 

8-12-61 

8-19-61 

8- 26-61 

8-27-61 

9-2-61 

9-3-61 

Program Tit le 

Baseball 

President Kennedy's Arrival in Paris 

Baseball 

Baseball 

Baseball 

Baseball 

Baseball 

Baseball 

Baseball 

Baseball 

Baseball 

Baseball 

Baseball 

Baseball 

Baseball 

Baseball 

Project Mercury 

Project Mercury 

Baseball 

Baseball 

President Kennedy's Address 
to the Nation (on Berlin) 

Baseball 

Baseball 

Baseball 

Baseball 

Baseball 

Baseball 

Baseball 

Baseball 

Baseball 

Baseball 

Time 

2:25 - 5:12 p.m. 

1:33 - 1:42 p.m. 

1:55 - 4:29 p.m. 
1:55 - 4:49 p.m. 

2:25 - 6:02 p.m. 
1:55 - 4:29 p.m. 
1:55 - 4:45 p.m. 
1:25 - 3:59 p.m. 

2:25 - 5:55 p.m. 
1:25 - 4:25 p.m. 
1:55 - 5:34 p.m. 
1:25 - 4:OO p.m. 

1:55 - 4:23 p.m. 

1:55 - 4:28 p.m. 
3:55 - 6:44 p.m. 
1:25 - 4:21 p.m. 

8:54 - 9:44 a.m. 

8:lO - 9:14 a.m. 
2:25 - 5:12 p.m. 
2:25 - 5:59 p.m. 
1O:OO - 10:32 p.m, 

1:00 - 5:29 p.m. 

1:55 - 4:29 p.m. 
2:25 - 5:22 p.m. 
1:55 - 6:29 p.m. 

1:55 - 4:16 p.m. 
1:55 - 4:59 p.m. 
2:25 - 5:24 p.m. 
1:00 - 5:29 p.m. 
1:55 - 4:12 p.m. 

1:55 - 4:23 p.m. 

I % i  nu t e : 

167 

9 

154 

174 

217 

154 

170 

154 

210 

179 

219 

155 

148 

153 

169 

176 

50 

64 

167 

214 

32 

26 9 

154 

177 

27 4 

141 

18 4 

179 

26 9 

137 

148 

102 



Appendix I1 (Cont 'd )  

Date 

9-9-61 

9- 10 -6 1 

9-16-61 

9-23-61 

9-25-61 

9- 30-6 1 

10- 27 -6 1 

10- 29-6 1 

10-29-61 

11-5-61 

11-5-61 

11-12-61 

11- 12-6 1 

11-19-61 

11- 19-6 1 

11- 26-6 1 

11-26-61 

12-3-61 

12-3-61 

12- 16-61 

12- 1'7-6 1 

12-17-61 

12- 24- 6 1 

12- 24- 6 1 

12-31-61 

12-31-61 

' Program T i t l e  

Basebal l  

Basebal l  

Basebal l  

Basebal l  

P re s iden t  Kennedy's Address 

Basebal l  

Spec ia l  Report on Sa tu rn  Blast-off  

Washington Conversation 

Ned C a l m e r  News 

Washington Conversation 

Ned Calmer N e w s  

Washington Conversation 

Ned Calmer N e w s  

Washington Conversation 

Ned Calmer N e w s  

Washington Conversation 

Ned Calmer N e w s  

Washington Conversation 

Ned Calmer N e w s  

Robert Trout ,  Saturday News 

Washington Conversation 

Ned Calmer N e w s  

Washington Conversation 

Ned C a l m e r  N e w s  

Washington Conversation 

Ned C a l m e r  News 

t o  t h e  U . N .  

Time 

1:55 - 5:21 p.m. 

1:55 - 5:06 p.m. 

1:55 - 4:12 p.m. 

2:25 - 5:18 p.m. 

11:18 - 12:09 p.m 

1:55 - 4:29 p.m. 

11:OO - 11:15 a . m  

12:30 - 12:55 p.m 

12:55 - 1:00 p.m. 

12:30 - 12:55 p.m 

12:55 - 1:00 p.m. 

12:30 - 12:55 p.m 

12:55 - 1:00 p.m. 

12:30 - 12:55 p.m 

12:55 - 1:OO p.m. 

12:OO - 12:25 p.m 

12:25 - 12:30 p.m 

12:30 - 12:55 p.m 

12:55 - 1:00 p.m. 

1:00 - 1:30 p.m. 

12:30 - 12:55 p.m 

12:55 - 1:00 p.m. 

12:30 - 12:55 p.m 

12:55 - 1:00 p.m. 

12:30 - 12:55 p.m 

12:55 - 1:00 p.m. 

[ inu te  

206 

19 1 

137 

173 

51 

- 

154 

15 

25 

5 

25 

5 

25 

5 

25 

5 

25 

5 

25 

5 

30 

25 

5 

25 

5 

25 

5 
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